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Copyricut, 1954, BY THE AMERICAN MEDICAL ASSOCIATION 


Editorials 


THE CURRENT STATUS OF HYPOTHERMIA 


HERE are rumbles in the background suggesting that a storm is brewing 

that a new concept of the significance of the human organism’s response to 
trauma is evolving which might lead to new techniques for solving many major 
problems in the management of the sick patient. From France one hears of “arti- 
ficial hibernation,” of “‘slow-motion life,” of “sympathetic neuroplegia” ; in Britain 
“hypotensive anesthesia” has become common practice ; in the United States “gen- 
eral hypothermia” is creeping into the armamentarium of the cardiac surgeon. 
What is the conceptual relationship among these techniques, if any, and what 1s 
the evidence to support them? What biological kinship exists between the phar- 
macologic “lytic cocktail” and the physical agent ice-water? Herein, at the present 
time, lies the confusion of a welter of undocumented theories. Yet an underlying 
hypothesis of great attractiveness appears dimly, seeking to be established or 
refuted, not by claims and rash clinical trial, but by vigorous and careful research. 

The imaginative originator of the “French cocktail” and spokesman for an 
enlarging group of Parisian anesthesiologists is the biologist Laborit.. He has 
described the hypothesis in broad outline somewhat as follows: Warm-blooded 
mammals, and particularly man, have evolved into a state of relative freedom from 
their environment through the development of a complex mechanism of response 
to noxious stimuli designed to maintain in the body certain constants, geared to 
promote the capacity for fight or flight. This is the milieu interne of Bernard; the 
“homeostasis” of Cannon. These reactions are mediated through a so-called neuro 
endocrine system and have as their objective the maintenance of a state of environ- 
mental freedom. It is alleged that these reactions, occurring at high metabolic rates, 
require energy from intrinsic sources and that in time exhaustion may ensue, The 
organism in its effort to maintain its freedom loses its life through exhaustion. The 
same energy, it is postulated, if conserved by acquiescence to environment at a 
diminished metabolic ‘level, might serve to overcome the noxious stimulus and 
permit survival. 

Here is romance in biology! Yet from this concept, eloquently expounded and 
adorned by a growing armamentarium of little-understood pharmaceutical agents, 
has sprung a rash of clinical applications, from which, in turn, great claims have 
been made. The “lytic cocktail,” containing from three to eight different drugs and 
varied at the whim of the physician, is administered over a period of days to patients 
with a variety of diseases. Operations may be performed. It is then alleged that 
these patients would not have survived their disease and its treatment had they 


not been subjected to polypharmacy. It is true that the drugs have effected a change 
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in the patient, simulating drugged sleep. He is lethargic and moves but little; his 
pulse and blood pressure are decreased; pain response is dimmed ; emotional reac- 
tion is lost. Vital functions, however, persist. He usually survives. 

How one wishes to see some objective studies of this fascinating state of narco- 
lepsy! It is stated that metabolism is markedly reduced; yet no studies of oxygen 
consumption are displayed. It is stated that overwhelming infection is overcome 
without the usual response to such aggression; yet no studies of the effect of the 
“cocktail” on the mortality of experimental infections have apparently been made. 
It is alleged that the “cocktail” alters the metabolic response to trauma; yet no 
studies of this response (which is being so elaborately documented in many labora- 
tories in this country) have apparently been undertaken. The term “sympathetic 
neuroplegia’” suggests paralysis of the sympathetic and/or parasympathetic sys- 
tems, but no testing of sympathetic functions documents this statement. The word 
“hibernation” has been used; yet the published data on body temperatures reveal 
a drop from the normal 37 C. (98.6 F.) of only 0.5 to 3 degrees (C.). This tempera- 
ture level is known to have only slight effect upon metabolism and is a far cry 
from the hibernating animal, whose temperature may be in the neighborhood of 
4 to 10 degrees (C.). It is apparent, then, that a state of skepticism regarding this 
bold theory will remain until some scientific evidence is submitted to lift it from 
the realm of philosophy. From the point of view of hypothermia, however, it must 
be emphasized that the French are describing a state in which body temperature 
is only slightly below normal. 

On the other hand, it is remarkable to read of the capacity of the human to 
survive the simultaneous administration of a multitude of cellular toxins. Moreover, 
this rather specific evaluation of the significance of the neuroendocrine response to 
trauma is important. Many workers have elaborately described the multiple mani- 
festations of this response, but few, at present, can quantitate the importance of 
any of these manifestations in terms of survival or recommend in therapy whether 


it is better to suppress or abet them. Because Laborit’s theory has not been proved 
to be right does not necessarily mean that it is totally wrong, and in the efforts 
which must follow to evaluate the concept, important light may emerge on this 
crucial question. 


From Britain has recently appeared an important study of the relation between 
the “lytic cocktail” and hypothermia. Previous work there had been largely con- 
cerned with the use of hypotensive anesthesia as a means of reducing hemorrhage 
during certain operative procedures. Hypothermia was not involved except by 
analogy. Pharmacologic hypotension at levels of 70 to 100 mm. Hg systolic pres- 
sures were demonstrated to be well tolerated by the anesthetized human. Hypo- 
thermia in the range between 35 and 20 C. (95 and 68 F.) causes progressive 
lowering of systolic blood pressure to levels of 30 to 60 mm. Hg, with tissue and 
organ survival. Both methods, apparently, result in a form of “physiologic,” or 
survivable, hypotension. Dundee and his co-workers, in Liverpool,? however, 
studied in both dogs and patients the effect of (1) hypothermia on metabolic rate, 
(2) each agent of the “lytic cocktail” on the cooling process, and (3) the “lytic 
cocktail” on cooling and on metabolic rate. As regards the first, they confirmed the 
previous work of Martin * and of Bigelow and his associates,* by demonstrating that 
in the absence of shivering a definite relation exists between body temperature and 
oxygen consumption, metabolism dropping about 5% for each degree Centigrade 
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down to 27 C., and less rapidly thereafter. Secondly, of the three components of 


the “cocktail,” Pethidine (meperidine hydrochloride) “vagolytic,” Avomine (pro- 
methazine chlorotheophyllinate) ‘“sympatholytic,’ and Chlorpromazine ‘‘CNS- 
depressant,” only the last appeared to enhance the speed of cooling, and this 
apparently only through inhibition of shivering. Deep anesthesia and curarization 
were essentially as effective in promoting hypothermia. Thus the importance of 
inhibition of muscle activity to allow cooling (Smith and Fay®) was confirmed. 
Thirdly, the cocktail itself resulted in a fall of body temperature rarely in excess 
of 2 degrees C. (averaging 0.5 degree C.), and oxygen consumption fell by only 
8 or 10%. Thus the claims that the cocktail specifically lowers metabolism remain 
unconfirmed. The 26 patients studied were cooled moderately (only five below 
31.5 C.) and subjected to major operations while hypothermic. Their ages varied 
from 23 to 77 years. Five deaths occurred in the series. 

It is surprising how little of the physiology of cold and of hypothermia is known. 
To Bigelow, in Toronto, must go the credit for rekindling interest in this modality 
by the report from his laboratory in 1950 of the survival of dogs cooled to 20 or 
25 C., in which circulation was totally arrested for 15 minutes. Since then, several 
laboratories in this country and abroad have turned attention to the study of this 
problem. One must keep clearly in mind the distinction between “cold” and “hypo 
thermia.” Cold is a physical state. When used as a description of the intimate 
environment, warm-blooded creatures respond to cold by efforts to maintain their 
temperature. This involves muscle activity, high cardiac output, and high oxygen 
consumption. Cold is thus a vigorous stimulus. This response, however, may be 
depressed by deep narcosis or curarization. Then hypothermia, a term describing 
the state of a homothermic animal with a subnormal body temperature, may ensue. 
Hypothermia, obviously, may be of different degree (i. e., any body temperature 
between the normal and absolute zero). In the area from 37 C. (98.6 F.) down to 
20 C. (68 F.), there appears to be agreement on the following essentials. 

Body temperature can be lowered by a variety of cold agents, provided shiver 
ing is prevented. Under these conditions, metabolic activity falls progressively as 
the body cools. There are associated changes in circulation, the heart rate slowing, 
blood pressure falling, and cardiac output diminishing. Respirations also become 
slower and at some point will cease entirely. From this point on, artificial respira 
tions must be established if life is to be maintained. In temperature ranges below 
28 C., anesthesia of sufficient depth to allow operative procedures is accomplished 
Major organ function continues, and above 20 C. no specific cellular pathology 
occurs within periods of several hours. The temperature range free of organic dis 
turbance may even extend much lower, but the area 20 to 5 C. has not been suffi 
ciently studied for one to be sure. Age is apparently an important factor, since the 
very young tolerate deep cooling more safely than adults. Also, certain species of 
mammals are capable of surviving prolonged periods of remarkably low body 
temperature. 

Hypothermia, however, has serious inherent risks and if carried far enough at 
the present will be uniformly lethal. Death apparently results from one of two 
mechanisms. The first is ventricular fibrillation. It seems that the fibrillatory 
threshold is lowered by hypothermia itself, although the mechanisms are not clear 
In the dog and in man, below 28 C. ventricular fibrillation becomes increasingly 
common, and as the temperature falls below 20 C. this eventuality may be uni 
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formly expected. The other mechanism is primarily the end-point of asphyxia. As 


the temperature falls, spontaneous respirations may cease, resulting in hypercapnia 
and hypoxia. Cardiac arrest, often followed later by ventricular fibrillation, will 
result. The mechanisms underlying this myocardial response to cold are obscure. 
\s regards primary fibrillation, studies in our laboratory have suggested that mem- 
brane permeability to potassium may be an important factor. The cholinesterase 
enzyme system may be involved, since use of an anticholinesterase significantly 
raises the fibrillatory threshold.* 

In any event, general hypothermia is capable of significantly reducing metabo- 
lism and of producing a “physiologic’”’ hypotension. As such, the use of this modality 
suggests itself as potentially valuable in a variety of conditions. Some of these 
possible uses are tabulated in the following outline. 


I. To reduce oxygen need in reversible conditions causing hypoxia 
A. Acute pulmonary diseases interfering with respiration (pneumonia, atelectasis, etc.) 
B. Pulmonary, cerebral, or peripheral embolus 
C. Anemic crises (acute erythropenia) 

D. Congenital cyanotic heart disease 
FE. Lower nephron oliguria 
I’, Deliberate temporary interruption of blood supply 
1. Total interruption 
a. Cardiac surgery 
2. Regional interruption 
a. Descending aorta 
1 Hepatectomy 
2 Aneurysm 
3 Massive visceral excision 
b. Carotid artery 
To produce “physiologic” hypotension 
A. To diminish operative hemorrhage 
1. Brain 
2. Middle ear (fenestration) 
3. Massive skin grafting 
B. To reduce internal hemorrhage 
1. Duodenal ulcer 
2. Esophageal varices 
C. To counteract hypertensive crises 
1. Encephalopathy 
2. Eclampsia 
To reduce oxygen need and produce “physiologic” hypotension 
A. Shock 
1. Traumatic 
2. Sepsis 
3. Nonseptic peritonitis 
B. Myocardial infarction 
IV. To specifically combat hyperpyrexia: 
A. Thyrotoxicosis 
B. Third-ventricle hemorrhage 
C. Heat stroke 


D. Severe infection 


* References 6 and 7. 
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At the present time, however, this tabulation must be considered as an outline 


for research, since few if any careful studies exist in most areas. Indeed, it may be 


hopelessly optimistic. In Group I, D and in Group I, F, a volume of encouraging 
experimental and clinical experience is accumulating in various hospitals through- 
out the country. McQuiston 


s 


first reported the protective effect of very mild hypo 
thermia (1 to 3 C.) in the operative management of cyanotic heart disease. Muller 
(in the discussion on the article of Swan and co-workers*) and Dagliotti® have 
advocated more pronounced cooling for the same purpose. Cookson and his asso 
ciates *° and Lewis and Taufic™ have attempted open-heart procedures during 
cessation of circulation under hypothermia. I have recently completed the study of 
a series of 45 patients with a variety of open-heart procedures, with nine deaths 
The other applications of the technique, however, remain to be studied. 

Hypothermia is still highly experimental. It may hold great promise, yet it 
must be considered as a procedure involving inherent risks. Much basic research 
must be done to elucidate the dangerous myocardial reaction. Careful observations 
of the body response to hypothermia (not cold) and to its variations from the 
expected norms under various conditions are needed. Throughout these studies, 
variables must be kept at a minimum. Polypharmacy must not be permitted to 
cloud the results; only those agents necessary to protect against shivering or those 
which may be clearly demonstrated to reduce fibrillation should be used. Moreover, 
until further knowledge lends safety, the experience should be gained primarily in 
the experimental laboratory. Here legitimate controls may be established, objective 
data obtained, and statistical evidence justified. Henry Swan. MD. 
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EFFECTS OF PREOPERATIVE AND POSTOPERATIVE ROENTGEN 
IRRADIATION ON WOUND HEALING 


N RECENT years, a trend to intensification of radiation therapy for malignant 

disease together with extension of the indications for radical surgical extirpa- 
tion has become evident. Intensive radiation has been given before as well as after 
the radical surgical procedures, and more secondary, and even tertiary, operations 
have been advised and performed when involvement and operability could be 
determined only by such surgical explorations. In many of these cases roentgen 
therapy of varying degrees has been given at varying periods prior to and follow- 
ing each procedure. 

In his interesting and informative paper appearing in this issue of the A. M. A. 
ARCHIVES OF SuRGERY, Dr. Berman lauds this “attempt to advance the horizons 
of knowledge by dynamic exploitation of currently available means.” He recognizes 
the “element of considerable risk from the standpoint of postoperative morbidity, 
although this risk does not constitute a logical objection to this prodigious under 
taking, considering what is at stake.” He has attempted in his paper to evaluate 
the potential complications which may occur in such cases. He describes briefly 
but succinctly the tissue effects of radiation and brings out the principles involved. 
The voltage, filtration, distance from the source and total dose of radiation, time 
elapsed in its delivery, and several other important factors should be determined 
by the surgeon before undertaking a surgical procedure after such radiation has 
been given. He emphasizes further the real importance of the tissue response of 
the individual patient, and this is affected by the inherent sensitivity and tolerance 
of the tissues to radiation, the presence or absence of infection, and alteration of 
blood supply. The tumor and surgical procedures previously performed also are 
likely to affect the tissue response to irradiation. Many of these same factors also 
affect the healing of tissue after surgical procedures, even though irradiation has 
not been employed. 

Dr. Berman refers to the effect on the intestines of excessive doses of radia- 
tion which may produce “marked fibrosis and cicatrization of the mesenteries and 
bowel wall, and intestinal hemorrhage and perforation.” He warns that the sur- 


geon who elects to perform operations in previously irradiated tissue should consider 


its ability to tolerate further trauma. He concludes by stating that the assumption 


that radiation is primarily responsible for alt untoward complications after surgery 
is unwarranted and that “the use of radical surgery after intensive radiation can 
provide important information about the spread of various tumors and about the 
effectiveness and shortcomings of radiation therapy in their management, which 
can be put to good use.” 

The paper is worthy of considerable thought, especially when complications 
occur after the use of these combined procedures, and care must be taken to evaluate 
the time relationship in the problem of “cause and effect” and to recognize that 
extensive surgical procedures can so interfere with the blood supply to remaining 
portions of resected organs that fibrosis, sloughing, and gangrene may occur from 


the surgical procedure alone. WattmMaNn Watters, M.D. 
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RADICAL SURGERY AFTER INTENSIVE IRRADIATION 


COLONEL HARRY L. BERMAN 
MEDICAL CORPS, UNITED STATES ARMY 


ITHIN recent years, radical surgery following intensive radiation therapy 

for cancer has been performed more and more frequently to extirpate residual 
or recurrent tumor and/or lymph nodes, the involvement of which could not be 
ascertained initially. 

This represents a laudable attempt to advance the horizons of knowledge by 
dynamic exploitation of currently available means. No one will deny that an element 
of considerable risk from the standpoint of postoperative morbidity is involved, 
although this risk does not constitute a logical objection to this prodigious under- 
taking, considering what is at stake. Nevertheless, when a definite hazard is entailed 
by a certain procedure with therapeutic principles at issue, a careful evaluation of 
its potential complications is in order. This should be done so that surgical indica- 
tions and contraindications with respect to the irradiated patient may be brought 
into sharper focus. 

Obviously, if irradiation in even slight amounts predisposed to a high operative 
mortality or severe postoperative morbidity, it would have to be considered an 
almost absolute contraindication to surgery. Experience has shown that patients 
have been able to withstand the added trauma of surgery in irradiated areas, 
although it is not possible at this stage to draw a sharp dividing line between the 
favorable and the unfavorable criteria for postirradiation surgery 

One of the difficult problems which may confront the surgeon is the decision 
of whether certain postoperative inflammatory changes in the tissues are due 
primarily to radiation therapy or to surgery, i. e., radiation erythema versus post- 
operative infection. Furthermore, the question of vascular changes induced by 
irradiation, as opposed to disturbances of circulation from other causes, and their 
respective roles in affecting tissue healing may come up for consideration. In order 
to place these confusing postoperative and postirradiation tissue reactions in their 
appropriate perspective, it seems timely to review what happens to tissue when 
subjected to radiation and later to surgery. 


The tissue effects of radiation have been known for some time and are adequately 


described in standard texts’ and periodicals.* Generally, these vary between no 
observable clinical change, for small doses, to severe inflammatory changes followed 
by fibrosis and necrosis, for large doses.* The reactions of tissue to radiation are 
influenced by measurable external elements, such as the physical factors of the 
equipment (voltage, filtration, and distance between the source of x-rays or gamma 
rays and the skin surface for external irradiation), the total dose of radiation, the 
elapsed time involved in its delivery, and the size and number of the treatment 


rT 


Chief, Radiation Therapy Section, Radiological Service, Walter Reed Army Medical Center 
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fields. The tissue response is also affected by certain abstract qualities, i. e., the 
inherent sensitivity and tolerance of specific tissues, the presence or absence of 
infection, and the alterations of normal blood supply. 

The practice of radiation therapy is based on the theory that radiation exerts 
a destructive effect on both tumor and surrounding normal tissues, but that the 
latter has a greater capacity for recovery than does the tumor. This does not mean 
that complete restitution takes place in the normal tissues. However, if their 
tolerance is not exceeded, it is found that they do recover without serious 
consequence, 

Secause of the variable factors previously described and the differences in 
individual susceptibility, it is difficult to depict a pattern of response which applies 
in similar detail to all cases receiving radation therapy. One way of measuring 
tissue effect is to observe the evolution and resolution of the skin erythema which 
develops in the treatment field. As an example, let us consider the irradiation of 
an abdominal field, measuring 10 by 10 cm., with a skin dose of 3,000 r (the air 
dose plus the backscatter) over a period of 10 days with x-rays delivered by a 
250 kv. machine, and half-value layer of 1.5 mm. of copper (the quality of 
radiation). The skin of this field will show an erythema, beginning about the 
seventh day, becoming progressively severer, with vesiculation during the next two 
weeks, and then gradually subsiding within the ensuing two to four weeks, with a 
residual soft scar, and, ultimately, some atrophy and telangiectases. If this exposure 
were to be protracted over a period of 30 days, the erythema would be less 
severe, and healing likely would occur without permanent sequelae. If the same 
field were to be exposed to a similar dose of supervoltage radiation over the same 
periods, respectively, the skin reactions would likewise be considerably less in 
degree of severity, since there is less backscatter with the higher voltages. 

The reaction in the tissues beneath the skin parallels that in the skin, with the 
exception that each abdominal viscus exhibits a specific susceptibility. The liver 
and pancreas tolerate high doses of radiation. The maximum reasonably permissible 
doses to the intestine, gall bladder, urinary bledder, and spinal cord is about 4,000 
r in 35 days with the quality of x-radiation described above (250 kv., half-value 
layer 1.5 mm. Cu.). With supervoltage radiation this dose is perhaps a little higher, 
although the difference in response for the previously named tissues for the two 
qualities of radiation is not as well known as in the case of the skin. 

Patients receiving supervoltage irradiation to the intestine in excess of this 
dose, as pointed out by Amory and Brick,‘ demonstrated severe adhesive changes 
in the intestine, marked fibrosis and cicatrization in the mesenteries and bowel 
wall, and intestinal ulceration, with hemorrhage and perforation. The gall bladder, 
if exposed to large doses of x-radiation within therapeutic limits, will demonstrate 
severe inflammatory changes, which reach a maximum about the 12th day.* 

The favorable criteria for surgery in previously irradiated tissue include 
relatively small doses of radiation, small fields of treatment, a reasonably long 
period of elapsed time between the end of the course of radiation therapy and the 


date of operation, and radiation of higher voltages. A surgical procedure performed 


8 to 12 weeks after irradiation of a 10 by 10 cm. field with a dose to the tissues 
of 2,500 r in 35 days should offer little or no difficulty. On the other hand, with a 
tissue dose of 5,000 r and a skin dose of 4,000 r in 30 days to each of two opposing 
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15 by 15 cm. fields, the surgeon six weeks later may encounter troublesome 
complications in the form of excessive bleeding, adhesions, and delay in tissue 
healing. Here the possibility of wound dehiscence and intestinal obstruction due 
to adhesions looms large. The anticipation of worth-while results, especially when 
no other alternative is available, may justify the risk taken. When severe roentgen 
sequelae, such as marked fibrosis, are present in the field of operation, the risk 
of surgery may be formidable. 

The surgeon who elects to perform operations in previously irradiated tissue 
should consider its ability to tolerate further trauma before proceeding. Fore- 
warned, he may be in a better position to insure the best chance of success. Of 
material assistance to him should be some knowledge about the quality and quantity 
of radiation administered to the skin, the tumor, and adjacent critical anatomical 
parts, and about the current status of tissue repair. 

In evaluating tissue effect in terms of dosage in roentgens, one must realize that 
only tissue doses qualified by a detailed account of the pertinent physical factors, as 
previously described, to establish a time-intensity relationship carry any signifi- 
cance. A statement that 5,000 r was delivered means nothing. To qualify it by 
stating that this figure represents an air dose or a skin dose adds hardly any detail, 
and to indicate it as a tumor dose is but a slight improvement, since 5,000 r in 15 
days produces a much severer reaction than if given in 42 days. Also, since super- 
voltage radiation can be delivered in amounts larger than that considered safe for 
the intermediate voltages, a statement about the quality of radiation should be of 
some value. 

In this connection it must be emphasized that when the combined form of 
treatment is used, postoperative inflammatory changes due to infection and/or 
other causes may still occur, just as they do in nonirradiated tissue. Previously 
irradiated tissue does not invariably constitute a site of diminished resistance, and 


the assumption that irradiation is primarily responsible for all untoward complica- 


tions after surgery is an unwarranted conclusion, especially in the light of our 
limited knowledge about failures of wound healing. As a matter of fact, irradiation 
often renders surgery more feasible by causing partiai shrinkage of a tumor and 
reducing its vascularity. As pointed out, there is a chronological correlation between 
tissue trauma and tissue reaction. If this is disregarded, the likelihood of drawing 
incorrect or unjustified inferences becomes highly probable. 

This was demonstrated in a recent article® in the ArcHIves, in which a 
spontaneous sequestration of the gall bladder was ascribed to radiation therapy. 
The patient, who had a gastric resection for carcinoma of the stomach in 1942, 
received x-ray therapy to an epigastric mass in 1952. A skin dose of 5,500 r was 
administered with a 250 kv. machine through a 6 by 8 ecm. field in the epigastrium 
located to the left of the midline. One month after completion of the course of 
x-ray therapy, laparotomy was performed through a transverse incision across 
the upper abdomen. The left lobe of the liver, containing a large metastatic mass, 
and several metastatic nodules in the right lobe were resected. The patient fared 
well during the immediate postoperative period and was discharged from the 
hospital on the 21st day. He subsequently developed an intense cutaneous reaction, 
an abscess about the gall bladder, and sequestration of the gall bladder through a 
sinus in the extreme right end of the incision. The chain of events was alleged to 
have been due to the irradiation and to have been set in motion after “the full 
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effects of irradiation were manifested in the tissues.” The spontaneous cholecyst- 


ectomy was considered to have followed vascular changes in the porta hepatis. 

This is not the usual pattern of tissue response to irradiation, when one considers 
the details of the radiation therapy and the chronological correlation. Assuming 
that the x-ray therapy was given in a conventional manner, one could anticipate a 
fairly intense erythema limited to the skin of the treatment portal at the conclusion 
of the course of irradiation, and not two months later. This could be expected to 
have subsided about the time laparotomy was performed. The tissue outside the 
irradiated block would have been affected only very slightly, if at all, and any 
radiation delivered there would be clinically insignificant. Reference to appropriate 
depth dose charts in this case discloses that the patient received a tissue dose of 
1,400 r at a depth of 10 cm. along the central axis of the x-ray beam, about 1,000 r 
at the margins of the beam at the same depth, and perhaps 300 r as a maximum 
at the porta hepatis. These are not the doses calculated to exert a deleterious effect 
on the recovery of involved tissues and their ability to withstand the further trauma 
of surgery. The source of this patient’s misadventure lies among etiological factors 
other than radiation, 

The use of radical surgery after intensive irradiation can provide important 
information about the spread of various tumors and about the effectiveness and 
shortcomings of radiation therapy in their management, which, in turn, can be put 
to good use. The combined procedure is one of formidable proportions and can be 
expected to have some undesirable complications, the assessment of which requires 
a critical evaluation on an objective plane, if improved steps toward their prevention 
and control are to be taken. Much remains to be learned. Considerable benefit to 
both surgeon and radiation therapist will accrue from a close coordination of 
their efforts. 

SUMMARY 

The evaluation of postoperative complications in surgery following intensive 
irradiation requires a careful consideration and chronological correlation of radiation 
dosage, its distribution in affected tissues, and tissue reactions with the course of 
events before one can conclude that such changes are due primarily to the radiation 
or to the operation. Many patients are being successfully treated with the combined 
procedure. Radiation per se cannot be considered as invariably responsible for all 
untoward tissue reactions. Postoperative infection and failures of wound healing 
in irradiated tissues can occur, just as they do after surgery in nonirradiated tissues. 
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GANGLIONEUROMA OF THE LUMBAR SYMPATHETIC CHAIN 


Report of a Case 


B. C. ROWLANDS, M.B., F.R.C.S. 
AND 


1. McLEAN BAIRD, M.B., M.R.C.P. 
SHEFFIELD, ENGLAND 


ANGLIONEUROMAS of the sympathetic nervous system are rare. Most 
reports in the British surgical literature deal with the mediastinal and dumb 
bell varieties (Paterson and Pilcher, 1941; Eden, 1941, and Sames, 1950). The less 


common intra-abdominal type has been seldom described. 


REPORT OF CASE 


The patient, a boy of 16, was found to have an abdominal swelling at a routine medical 
examination prior to employment as a miner. He was admitted to hospital for investigation 
a month later. 

Examination.—He was a fit-looking youth with no complaint. In the left upper quadrant 
of the abdomen was an easily palpable, painless, slightly mobile mass. It was round in outline, 
firm in consistency, with a smooth surface, and was easily felt in the loin on bimanual palpa 
tion. It was close to the midline and did not conform in position to a lesion of splenic or renal 
origin. A complete clinical examination revealed no other abnormality. A blood cell count 
showed no abnormality. Intravenous pyelography demonstrated lateral displacement of the left 
ureter (Fig. 1). An x-ray examination of the chest was normal. 

A diagnosis of retroperitoneal tumor was made, and an exploration was advised 

Operation (B. C. R.).—On April 20, 1953, the abdomen was opened through a left upper 
paramedian incision. A well-circumscribed retroperitoneal tumor was exposed by means of a 
paracolic incision through the parietal peritoneum. The tumor was below the level of the left 
renal vessels and extended from the lower pole of the kidney to the midline. It was intimately 
attached to the inferior vena cava and to the bodies of the vertebrae by dense fibroareolar 
tissue. From its anterior surface arose a thick pedicle, which could be traced inferiorly to the 
region of the main sympathetic chain. The pedicle was divided, the tumor gradually freed by 
careful dissection and removed 

The patient made an uneventful recovery and was discharged from the hospital 14 days later. 


Report on Specimen.—The specimen consists of a large firm mass 3% in, (9.5 cm.) by 
3 in. (7.6 cm.) by 2% in. (6.3 cm.) (Fig. 2). The cut surface is semitranslucent, with a 
whorled fibrous appearance. A darker area of hemorrhage is seen within it (Fig. 3). Section 
shows the tumor to be ganglioneuroma. It consists of irregular wavy nerve fibrils and numerous 
scattered sympathetic ganglion cells with a little edematous stroma (Fig. 4). The pedicle con- 


sists of nerve fibers. There is no evidence of malignancy change 


Senior Surgical Registrar (Mr. Rowlands) and Senior Medical Registrar (Mr. Baird), 
The Royal Infirmary. 
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Fig. 1.—Intravenous pyelogram demonstrating lateral displacement of left ureter. 
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Fig. 2.—Anterior aspect of tumor showing pedicle of nerve tissue which connected it to 


the main lumbar sympathetic chain. 
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Fig. 3—Cut surface of tumor showing fasciculated appearance with a darker area of 
hemorrhage. 


Fig. 4.—Section of tumor; * 140. Groups of ganglion cells are seen scattered in a matrix 
of nerve fibrils 
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COMMENT 


Incidence.—Stout (1947) found clinical reports of 233 cases in the literature, 
to which he added 10 cases of his own. 


Site-—The ganglioneuroma of the sympathetic nervous system most commonly 
arises from the main ganglionated chain and from the suprarenal. Other cases prob- 
ably arise from smaller peripheral ganglia and may be found in such varying situa- 
tions as the pharynx, ovary, and tongue. Cases have been recorded in the intestinal 
tract, where they are often characterized by diffuse proliferations which may cause 
intestinal obstruction (Poate and Inglis, 1928). 

Naked Eye and Microscopic Appearance.—The tumors are usually solid, well 
circumscribed, and encapsulated. In the mediastinum and retroperitoneal tissues 
they commonly grow to a large size. They may become closely adherent to adjacent 
viscera, such as large blood vessels. Insinuation of the growing tumor through the 
spinal foramina into the spinal canal has also been described. On cut section, as 


in this case, the tumor presents a coarsely fasciculated appearance. Microscopy 


reveals the essential structure to be that of ganglion cells arranged singly or in 
groups and supported in a matrix of nerve fibers and connective tissue stroma. 
The number of ganglion cells is proportionately much smaller than the large num- 
ber of nonmedullated fibers. 

Behavior.—Willis (1948) has stressed the relationship of neuroblastomas and 
ganglioneuromas. The former are tumors of immature and undifferentiated neuro- 
blasts. The latter are tumors of well-differentiated nerve cells and fibers. The two 
types of tumor should not be regarded as separate entities but as poorly and highly 
differentiated members of the same species, the one extremely malignant and the 
other benign. Tumors showing intermediate variations of structure and growth 
are described, and all degrees of differentiation are seen in the same tumor. A 
ganglioneuroma composed of completely differentiated ganglion cells is a benign 
tumor which does not metastasize. Both Willis (1948) and Stout (1947) refer 
to reported cases of ganglioneuromas with metastases. In such cases, the tumor 
contains immature and proliferating cells and should be regarded as being between 
the neuroblastoma and the ganglioneuroma in pathological type and clinical behavior. 

Age Incidence.—Ganglioneuromas occur most commonly in childhood and 
adolescence. Most published series of cases show the greatest number to occur in 
the first 10 years of life. 

Diagnosis —The differentiation of a ganglioneuroma from other chronic pain- 
less swellings in the neck is usually impossible prior to excision and histological 
examination. It is important to recognize that a mediastinal ganglioneuroma may 
have a cervical extension presenting as a swelling above the clavicle or sternum 
with or without tracheal destruction. The clinical features of intrathoracic ganglio- 
neuromas are those of mediastinal compression and have been described by Eden 
(1941). 

When arising from the lumbar sympathetic chain or the suprarenal medulla, 
the tumor commonly gives rise to a mass to which attention may eventually be 
drawn by its size alone. Differential diagnosis is from other retroperitoneal tumors. 
Intravenous pyelography may demonstrate downward displacement of a kidney or 
lateral displacement of a ureter, depending on the site of the tumor. 
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A pelvic ganglioneuroma may produce no symptoms until it has attained large 


proportions. Cases have occurred in which such a pelvic tumor interfered with 
parturition, necessitating a Caesarean section. 


Treatment.—Removal of these tumors may be extremely difficult, owing to 


their tendency to become intimately connected to large blood vessels and other vital 
structures. Stout reported 21 postoperative deaths in 243 cases. These fatalities 
followed operations for removal of abdominal tumors (11 cases), mediastinal tumors 
(9 cases), and neck tumor (1 case). 


Prof. R. St. Leger Brockman and Dr. H. P. Brody gave permission to record this case 
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LEIOMYOSARCOMA OF THE DUODENUM 


HAROLD A. ZINTEL, M.D. 
PHILADELPHIA 


RIMARY tumors of the duodenum occur infrequently, and of the tumors of the 

duodenum the leiomyosarcoma is the rarest. Von Salis in 1920 reported on the 
first patient with duodenal leiomyosarcoma.’ Weinstein and Roberts in 1952 sum- 
marized the literature and found 28 cases, including 1 which they had reported.? 
Because of the rarity of this disease, the fact that there has been no reported 
successful removal of such a tumor from the fourth portion of the duodenum, and 
the fact that there are no published data to indicate that any of the patients with 
leiomyosarcoma of the duodenum have survived operative removal by more than 
three years, it was thought that the following case should be reported. The patient 
survived removal of a leiomyosarcoma of the fourth portion of the duodenum and 
lived for three years and eight months. 

Weinstein and Roberts related that a typical history is as follows: 
A 35 to 65 year old person of either sex complains of weight loss, weakness, anemia, and 


possibly abdominal pain. A mass in the abdomen may or may not have been noticed. Usually 
there has been some blood noted in the stools, often a bloody diarrhea. 


If the tumors are large they will be seen by flat-plate x-ray examination of the 
abdomen. If the center of the tumor has become necrotic and fistulization has 
occurred, barium from the gastrointestinal tract will enter the tumor. Of the 22 


patients reported on in the literature who have been operated upon, approximately 


67% have not survived operation. One case report does not state whether or not 
the patient survived the operation. 


REPORT OF A CASE 


G. T., a 44-year-old, obese, white man, was admitted to the Hospital of the University of 
Pennsylvania on July 26, 1947, with a chief complaint of intermittent melena of eight months’ 
duration. On the day of admission, for the first time the rectal blood was bright-red in color. 
He had also complained of intermittent weakness. He had not had any pain. He had lost 38 Ib. 
(17 kg.) in eight months. Gastrointestinal x-rays takca at another hospital two months prior to 
admission did not demonstrate a lesion of the stomach or duodenum. At the time of the x-ray 
examination he received 1,500 cc. of blood for an anemia of unexplained origin. 

Other than marked obesity, paleness of the skin and mucous membranes, and blood in the 
rectum, the physical examination did not reveal any abnormalities. A gastrointestinal series 
was interpreted by Dr. Cocke, the roentgenologist, as showing “a lesion of the distal portion of 
the duodenum—probably a leiomyosarcoma” (Fig. 1). The hemoglobin level was 49%. He was 
given blood transfusions until the hemoglobin level was 82% 

At operation the upper abdomen was opened through a transverse incision, the ends of which 
extended almost to the distal ends of the 12th ribs. The tumor was palpable in the duodenum 


From the Harrison Department of Surgical Research, University of Pennsylvania School 
of Medicine. 
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just proximal to the ligament of Treitz, anterior to the aorta, and at the level of the origin of the 
superior mesenteric artery. The pancreas was moderately enlarged and quite firm. The dissec 
tion was begun by mobilizing the second and third portions of the duodenum. The third and 
fourth portions of the duodenum, including the tumor, were excised. The proximal end of the 


Fig. 1.—Film shows an extrinsic mass approximately 3.5 cm. in diameter, encroaching on the 
lumen of the fourth portion of the duodenum. Center of the mass has become necrotic and the 
tumor has fistulized into the lumen of the duodenum, as demonstrated by the reflux of barium 
into the center of the mass. 


Fig. 2.—Surgical specimen with duodenum opened shows the fistula opening and the rolled 
edges of the tumor. 


jejunum was anastomosed to the second portion of the duodenum through an opening in the 


right mesocolon. No evidence of metastases or invasion was found. The patient had some gastric 


retention for four days after operation. Otherwise, his convalescence was very uneventful, and he 
was discharged from the hospital on the 10th postoperative day with instructions to follow a 
reducing diet. 
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After operation he had no gastrointestinal complaints and regained his weight to his usual 240 
Ib. (109 kg.). Twenty-four months later he complained of some loss of weight and strength. A 
laparotomy revealed a liver containing numerous nodules, 1 to 2.5 cm. in diameter. A biopsy 
showed metastatic leiomyosarcoma. A large firm lymph node was palpated in the mesentery of the 
small bowel. There was no evidence of recurrence at the site of the intestinal anastomosis. The 
patient continued to complain of weakness and loss of weight but had very little in the way of 
abdominal symptoms until just before his death, 44 months after the original operation. 

The surgical specimen consisted of a segment of the duodenum, 12.5 cm. in length, with an 
attached tumor measuring 3 by 4 cm. In the center of the tumor was a crater approximately 
1 cm. in diameter and 2.5 cm. deep. The edge of the tumor, as it was visible from the mucosal 


) 


surface of the duodenum, was raised and rolled (Fig. 2). 


Histologically the tumor was composed of large, plump, spindle-shaped cells arranged in 
interlacing bundles and showing nuclear palisading (Figs. 3 and 4). Pleomorphism was marked 
Mitotic figures varied from 2 to 5 per high power field. No definite capsule was noted. Th 


diagnosis was leiomyosarcoma of the duodenum 


SUMMARY 


The previously published experience with leiomyosarcoma as reported by Wein- 
stein and Roberts is briefly reviewed. A case report is given of a man who had the 


first, published, operatively successful removal of a leiomyosarcoma of the fourth 


portion of the duodenum. He lived three years and eight months postoperatively, 
which is longer than any of the reported survivals following the removal of a 


leiomyosarcoma of the duodenum 
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EXPERIMENTAL STUDIES ON TOTAL GASTRECTOMY 


Influence of Type of Anastomosis and Creation of Artificial Stomach on Nutrition 
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AND 
OWEN H. WANGENSTEEN, M.D. 
MINNEAPOLIS 


EIGHT loss has been frequently noted following total gastrectomy in man 


and the experimental animal.* This has been variously attributed to (1) 
inadequate intake of food secondary to the loss of the reservoir function of the 
stomach and (2) inadequate absorption of the ingested food. The latter factor has 
received much attention, being manifested as increased loss of fat and, at times, 
nitrogen in the feces. Frequently mentioned as possible etiologic factors are 
(1) increased speed of transit through the small intestine, (2) decreased secretion 
of bile and pancreatic juice secondary to disturbance or loss of the normal stimu- 
lating mechanisms, and (3) poor mixing of the ingested food and the digestive 
secretions. 

In addition, there is evidence to suggest that bypassing of the duodenum as is 
commonly done after total gastrectomy may result in greater loss of fat and possibly 
nitrogen in the stool.f 


These possibilities suggest that it might be of value to scrutinize the influence 
of the type of anastomosis used on weight loss and survival following total gastrec- 
tomy in the dog. The construction of a substitute reservoir and a study of its influ- 
ence on these factors were also undertaken. 


METHODS 


Healthy adult mongrel dogs ranging in weight from 24 to 68 lb. (10.9 to 308 kg.) were 
used in the experiments. All operations were performed under pentobarbital sodium (Nembutal) 
anesthesia given intravenously with sterile technique. 

Total gastrectomy was performed by the transthoracic approach through the left 10th inter- 
space. Ordinarily it was not necessary to open the diaphragm beyond incising the membranous 
tissue at the esophageal hiatus and dilating this slightly with two fingers. The entire stomach 
was excised, dividing the terminal esophagus and the duodenum just beyond the pylorus. 

Reestablishment of intestinal continuity was then carried out in the following ways (Fig. 1): 

1. Esophagoduodenostomy.—End-to-end anastomosis of the esophagus and duodenum. 

From the Department of Surgery, University of Minnesota Medical School. Supported by 
the following funds for surgical research: (1) Institutional grant of the American Cancer Soci- 
ety, (2) The Flora B. Rosenblatt Fund, (3) Jay and Rose Phillips Fund, and (4) Watson P. 
Davidson Fund. 

* References 1 through 6. 


+ References 7, 8, and 9 
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2. Roux-Y Procedure—The duodenal stump was inverted. The jejunum was then transected 
approximately 15 cm. beyond the ligament of Treitz. The distal end of the jejunum was anas- 
tomosed end-to-end with the esophagus. The proximal end of the jejunum was anastomosed t 


the side of the distal jejunal segment about 20 cm. beyond the esophagojejunal anastomosis 
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Fig. 1—Methods of anastomosis after total gastrectomy: (a) diagram of stomach showing 
sites of transection; (b) esophagoduodenostomy; (c) Roux-Y type reconstruction; (d) esopha 
gojejunostomy with enteroenterostomy. 


¢€ 


Fig. 2.—Method of pouch construction, lateral and end-on views being shown: (a) loop of 
intestine folded on itself; (b) adjoining loops sewn together along antimesenteric border 
(dotted line indicates longitudinal incision made); (c) after longitudinal incision (mucosal 
layers approximated with running gut); (d) completed pouch 
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3. Esophagojejunostomy with Enteroanastomosis—The duodenal stump was inverted. The 
first loop of jejunum was brought up and anastomosed to the esophagus end to side, the anasto- 
mosis lying 20 cm. beyond the ligament of Treitz. The afferent and efferent loops of jejunum 
were then anastomosed side to side approximately 15 cm. below the esophagojejunal anastomosis. 

4. Pouch Construction.—A pouch was prepared from proximal jejunum, the technique illus- 
trated in Figure 2 being used. This consisted in folding the bowel on itself to make three 
adjoining loops, each approximately 12 to 15 cm. in length. The antimesenteric edges were then 
sewn together longitudinally, the separate lumina being converted into a common chamber by 
means of a longitudinal incision along the antimesenteric border. Four types of arrangement 
were made using this pouch principle as illustrated (Fig. 3). These may be termed (1) jejunal 
pouch plus Roux-Y; (2) jejunal pouch plus Roux-Y into pouch; (3) jejunal pouch transplant 
between esophagus and duodenum, and (4) duodenojejunal pouch. Here the pouch was made 


starting with the duodenum. This is possible in the dog, in which the duodenum is mobile and 
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Fig. 3.—Various methods of reconstruction using the jejunal pouch: (a) jejunal pouch 
Type 1, pouch plus Roux-Y anastomosis; ()) jejunal pouch Type 2, same as Type 1 except 
that the duodenal contents drain directly into the pouch; (c) jejunal pouch Type 3, the jejunal 
pouch prepared from an isolated segment of jejunum and then swung up between the esophagus 
and duodenum, where it is anastomosed end to end; (d) jejunal pouch Type 4, in reality a duo 
denojejunal pouch, the pouch construction starting with the duodenum as one of the loops. 


possesses a mesentery. X-ray studies were made in three animals three to six weeks after con- 
struction of a jejunal pouch. Two of these reconstructions were pouch transplants between 
esophagus and duodenum and one a jejunal pouch plus the Roux-Y procedure. 

After operation the animals were fasted three days, during which time fluid requirements 
were met by the intravenous administration of fluids. Penicillin was given daily for seven days. 
Starting on the fourth postoperative day, milk and water were offered ad libitum. On the sev- 
enth day, cooked horsemeat and commercial dog chow were added to the diet. Vitamins A and D 
and yeast were added to the diet daily. The animals were weighed at weekly intervals. 

Hemoglobin determinations were done at frequent intervals, supplemented by determination 
of erythrocytes and hematocrit when the hemoglobin value was found to be less than 12 gm. 
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RESULTS 
The results are given in Table 1. Weight loss is expressed in terms of percent 


age loss comparing the preoperative weight with the weight at death or when the 
animal was killed. 

Thirty-three animals are compared from the standpoint of weight loss and length 
of survival. Only those animals surviving beyond three weeks after the operation 
were used. Survival was strikingly prolonged in the group with esophagoduodenos 


tomy. The remaining three categories show no decisive differences 


TABLE 1.—Length of Survival and Weight Loss Following Total Gastrectomy in the Dog 


Survival, Days % Weight Loss 


Type of Operation Mean Range Mean Range 
Roux-Y procedure 55 
Esophagojejunostomy with enteroenterostomy 
Esophagoduodenostomy 
Pouch procedures 
A. Total group 
B. Subgroups 
a. Type 1 (jejunal pouch plus Roux-Y) 
b. Type 2 (jejunal pouch plus Roux-Y into 
pouch) ‘ os 
ce. Type 3 (jejunal pouch inserted between 
esophagus and duodenum) 
d. Type 4 (duodenojejunal pouch) 


TABLE 2.—Anemia After Total Gastrectomy in the Dog 


No. with Anemia * 
Studied, 
Operation, Type No Moderate Severe 
Roux-Y procedure ane , , 1 0 
Esophagojejunostomy with enteroenterostomy l 
Esophagoduodenostomy 


Pouch procedures 


Total 


* Moderate anemia Heb. < 12 gm.; severe anemia Heb. < 9 em 


Weight loss was gradual and progressive in all groups. At the time that animals 


with a Roux-Y procedure, pouch procedure, or esophagojejunostomy plus enters 


anastomosis type of reconstruction were severely cachectic, the group with esopha 
goduodenostomy showed only a mild weight loss 

Measurements of the capacity of the jejunal pouches was estimated at autopsy 
by filling the pouch with water to the inlet after clamping the outlet (Fig. 4). Th 
capacity varied from 500 to 1,000 cc., averaging around 800 cc 

The barium studies carried out in three jejunal pouch preparations showed 
good filling of the pouch immediately after ingestion of the radiopaque meal (Fig. 5) 
Simultaneously a small amount of barium could be seen to be passing on into the 
upper jejunum. At the end of the initial observation period of 15 minutes, only a 
small amount of barium had left the pouch. At four hours, the pouch contained an 
estimated 20% of the original quantity of barium, the rest being distributed through 
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out the small bowel. In two of the animals, no residual barium was seen in the pouch 
when checked 12 hours after administration. 

Moreover, none of the pouches showed evidence of functional obstruction or 
stasis at postmortem examination except in two instances in which a large hair ball 


Fig. 4.—Autopsy specimen of jejunal pouch filled with water to show approximate capacity. 
Esophagus is at the left 


Fig. 5.—Jejunal pouch Type 3; lateral view 15 minutes after oral administration of bar- 
ium meal, 
was found to be present. Nevertheless, the use of a substitute reservoir made from 
jejunum was apparently of no additional value to the animals. 

Blood studies were made in 17 animals (Table 2). The anemias found were 


all hypochromic in nature and usually developed in 5 to 18 weeks after operation. 


COMMENT 
Total gastrectomy appears to be tolerated better by man than by the experi- 
mental animal. Gastrectomy performed on dogs, rats, cats, swine, and monkeys is 


620 





CONSTRUCTION AND FUNCTION OF ARTIFICIAL STOMACH 


frequently followed by evidence of severe nutritional failure and anemia. These 
changes tend to be progressive, generally terminating in death. In man such a 
picture has occasionally been reported, but it is much less common. In man evi 
dences of nutritional impairment tend to be milder and less progressive, with weight 
loss, weakness, and anemia being the usual manifestations. 

It is probable that some of this discrepancy between man and the experimental 
animal can be accounted for by the greater adaptability of man to a change in the 
necessary feeding habits as well as the occurrence of a more varied approach to food 
preparation in its most nourishing and palatable forms. 

It is interesting to note that the jejunal pouches appeared to be adequate in 
capacity and function but did not improve nutrition or survival time, Of course, the 
x-ray studies were not numerous or detailed enough to rule out unequivocally some 
sort of malfunction of the pouch, but superficially this did not seem to be the case 
The autopsy findings tend to substantiate this impression. Moreover, frequent 
observation of the animals during and after meals suggests that intake of food was 
better tolerated by the pouch animals, since these animals rarely retched or vomited 
after a meal, whereas this occurrence was noted frequently in the other groups 
studied. 

It may be that the pyloric sphincter plays a more important role in the reservoir 
function of the stomach than is generally appreciated; in such a case the absence 
of this sphincter in any substitute pouch would greatly diminish its value. Support 
for this view is given by Gholigher,'® who studied patients after gastrectomy done 
by a wide variety of methods. He found that after all forms of gastrectomy in which 
the pyloric sphincter was sacrificed the stomach remnant loses its power of active 
retention of food. Barium filled the pouch only after a sufficient amount was given 
to cause damming-back of the material from the jejunum. 

A less likely explanation for the apparent ineffectiveness of the jejunal pouch 
might be related to loss of some bowel function in the creation of a pouch. Since 
a dog possesses only about 250 cm. of small bowel, the 50 cm. utilized for a jejunal 
pouch would represent a loss of one-fifth of the small intestine (one would have 
to assume that the pouch did not function effectively as a digestive and absorptive 
mechanism but served mainly as a reservoir). Although excision of one-fifth of 
the small bowel is well tolerated by the dog with an intact stomach, it might be a 
more decisive factor after gastrectomy. 

It is not necessary that poor functional results in the dog imply that the same 


would be true in man. Lee" 


noted that transplant of the right colon to replace 
the stomach after total gastrectomy was extremely poorly tolerated by the dog 
but apparently of considerable benefit to man. Recently, Hays ** reported the crea- 
tion of an artificial stomach following total gastrectomy in two humans, with excel 
lent early results. The method used is nearly identical with one of the varieties 


described herein (Type 3 jejunal pouch). 


SUMMARY AND CONCLUSIONS 


Thirty-three dogs were studied after total gastrectomy plus various types of 


reconstruction. The groups were compared from the standpoint of weight loss 


and survival time. 
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Gradual progressive weight loss terminating in death was the ruie in all groups. 
However, the length of survival was distinctly longer in the group in which 
esophagoduodenostomy was performed. 

Creation of a substitute reservoir from jejunum is described. Although these 
pouches appear to have a large capacity and show no evidence of stasis, they were 
of no apparent benefit to the animals in terms of weight loss or survival. 

Hypochromic anemia developed in 12 of 17 animals observed. 
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INTERNAL SUPRAVESICAL HERNIA WITH POSSIBLE RELATIONSHIP 
TO PREVIOUS SADDLE INJURY 


Report of Case with Associated Inguinal and Femoral Hernias 


ALEXANDER E. PEARCE, M.D. 
AND 


NORMAN LABOVE, M.D. 
PHILADELPHIA 


NTERNAL supravesical hernia, a rare type, is a protrusion through the supra- 

vesical fossa. These hernias were described first by Sir Astley Cooper * in 1804. 
The term supravesical fossa, which is the term most widely used, was introduced 
by Waldeyer * in 1874. 


ANATOMY 

The supravesical fossa (Fig. 1) is a triangular area bounded caudally by the 
reflection of the peritoneum over the dome of the bladder and laterally by the lateral 
umbilical folds covering the obliterated umbilical vessels; the middle umbilical fold 
investing the obliterated urachus in the midline divides the fossa in two. Below the 
peritoneal reflection is the potential space between the symphysis pubis and the 
bladder which is known as the prevesical space of Retzius. This space extends 
laterally to the outer limits of the bladder and in depth to the prostate. It is filled 
with areolar tissue and fat and is subject to variations in size and shape depending 
upon the contour of the bladder. 


According to lason,’? hernias here tend to develop in one of three directions, 


depending on the portion of the fossa in which the peritoneal pocket develops. The 


first portion is represented by the area in the peritoneum overlying the rectus 
muscle ; hernias here point forward and may present externally. The second portion 
is a triangle bounded on the medial side by the peritoneum overlying the lateral 
border of the rectus abdominis muscle, laterally by the lower part of the lateral 
umbilical fold, and below by the reflection of peritoneum extending from the anterior 
abdominal wall to the bladder. A hernia arising here tends to point laterally, and 
if there is a weakness of the abdominal wall it may appear to the inner side of the 
femoral ring. The third portion is represented by the peritoneal reflection which 
covers the space of Retzius. A hernia in this area tends to push downward into the 
prevesical space. Because of the rigid surrounding structures, such hernias never 
protrude externally. 
NOMENCLATURE 


Many names have been used to designate these hernias. In a comprehensive 
review of this subject, Warvi and Orr * listed 22 designations. Supravesical hernias 
omiimmmiunaiii 
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should be divided into external and internal hernias. According to Iason? and 
Miller,* external hernias are relatively common and present in the inguinal, femoral, 
or obturator spaces or in the hypogastrium between the rectus muscles. Internal 
supravesical hernias are classified according to whether they extend into the 
prevesical space, into the bladder (intravesical), beside the bladder (paravesical), 
or laterally into, the pelvis. According to Miller, no case of interstitial supravesical 
hernia has been reported. 

Warvi and Orr * found 38 cases in the literature, of which 33 were prevesical 
hernias. 


DIAGNOSIS 
The usual diagnosis is that of intestinal obstruction. According to Barnes and 
Dreyer,’ a correct preoperative diagnosis has been made once. In 1904, Blum * made 


a cystoscopic examination of a patient and saw a bladder deformity caused by an 


Middle umbilical fold Lateral umbilical tolds 


lig. 1.—Supravesical fossae. View from within abdomen looking toward anterior abdominal wall. 


extravesical mass. Miller * and Warvi and Orr * have credited Fromme? with this 
correct diagnosis. Fromme, on the other hand, states that his preoperative diagnosis 
was strangulated inguinal hernia. Some patients have had bladder symptoms. Scout 
films of the abdomen show distention of the small intestine. All the cases noted in 


the literature have had small bowel in the hernial sac. Males are more commonly 


afflicted than females in the ratio of 9 to 1. The age variations have been 22 to 75, 


with an average of 51 years. Miller * reported the 41st case of this type in 1947, 
and Barnes and Dreyer ° reported the 42d in March, 1953. The majority of cases 
have been found at exploratory laparotomy, and the average duration of symptoms 


prior to surgery has been six days. 


TREATMENT AND PROGNOSIS 


Treatment is that of acute intestinal obstruction. The hernia is reduced and the 


sac obliterated; in some instances, the neck has simply been closed with sutures 
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without mobilizing and excising the protrusion. Intestinal resection increases the 


mortality. Of 37 cases in which the results are known, 15 patients died, a mortality 
of 40.5%. 
REPORT OF A CASE 


History —White man, aged 62, was admitted to Hahnemann Hospital at 7: 30 a.m. on 
Jan. 10, 1949, with a chief complaint of diffuse abdominal pain and vomiting. He had been well 
until Dec. 26, 1948, when after his evening meal he developed sudden severe abdominal cramps ; 
these lasted six hours. He was asymptomatic until Jan. 6, when he had a milder attack of 
abdominal cramps, mainly centered in the hypogastrium; these also lasted six hours. On Jan. 9, 
one and a half hours after his evening meal, he experienced another attack of abdominal pain 
without localization. Several hours later, he vomited for the first time. The pain continued 
throughout the night. He stated that he had had bilateral inguinal hernias for 20 years. In 
1938 he had fallen on kis perineum and sustained some injury to the bladder, for which he was 
hospitalized one month. Because of language difficulty, he was unable to give any further details 
other than the fact that no surgery was done for this injury. We were unable to obtain any 
record of this hospitalization. Examination revealed a dehydrated mat, with a distended abdomen 
demonstrating visible coils of intestine. The entire abdomen was tender without rigidity 
Peristalsis was hyperactive. Bilateral reducible inguinal hernias were found. An irreducible 


Prevesical 
hernia 


Fig. 2.—Findings at operation, demonstrating ileum in prevesical hernia 


right femoral hernia was noted. A diagnosis of small intestinal obstruction was made. Examina 
tion of blood showed hemoglobin 13.7 gm., RBC 4,600,000, and WBC 14,400 per 100 cc., with a 
differential count of polymorphonuclear neutrophiles 88% and lymphocytes 12%. Urine exami 
nation was negative. Intestinal suction was instituted, and the patient was given parenteral 
fluids. 

Operation.—At 10:15 p.m., on Jan. 10, the femoral hernia was explored. This proved to be 
a sac without content; the sac was surrounded by a large amount of extraperitoneal fat, which 
accounted for its irreducibility. The abdomen was then opened through a lower right rectus 
incision. The small bowel was distended down to 60 cm. from the ileocecal valve, where the 
ileum entered an internal hernia in the prevesical space (Fig. 2). Below this the intestine was 
collapsed. The lower ileum showed old adhesions as evidence of previous trauma which the 
patient had probably suffered at the time of his stridal injury. After reduction of the intestine, 
which was found to be viable, a firm ring was noted in the summit of the bladder entering 
into a completely peritonealized pocket in the prevesical space. The ring was 2 cm. in diameter, 
and the length of the pocket was 8 cm. The hernia sac was invaginated, the excess excised, 
and the ring closed with sutures of fine silk. An ileotomy was made in the distended small 
bowel, the excess fluid and gas removed by suction, and the ileotomy closed. The abdominal 
incision was sutured in layers, and the femoral hernia was repaired. The patient’s convalescence 
was uneventful. He was ambulant in 36 hours and placed on oral feedings on Jan. 15. He was 
discharged from the hospital on Jan. 24. Cystoscopy one month after discharge gave negative 
results. The patient has been well since discharge 
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SUM MARY 


The 43d reported case of internal supravesical hernia is described. This case 
is of interest because the patient had suffered a previous saddle injury 11 years 
before ; this may have been a predisposing factor in the development of the prevesical 
space hernia. It is also of interest because it was associated with an irreducible 
right femoral hernia and bilateral reducible inguinal hernias. 
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EXPERIMENTAL STUDY OF EFFECT OF PRESSURE ON HEALING OF BONE 
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} etapa pressure causes bone fragments not only to be immobilized and held 
in contact but to be compressed together. This appears to result in union of 
cancellous bone in a shorter time than if the fragments were only approximated. 
The term “positive pressure” was used by one of us (Key*) in 1932, when such 
a method was described after its use postoperatively in arthrodesis of the knee. 
We continue to use and to advocate the method in arthrodesis of the knee 
joint but have not been able to satisfy our curiosity as to whether it is the contact, 
the more perfect immobilization, or the pressure of one fragment upon the other, 
or all three, which exert a favorable influence upon union. 

Charnley * has used and described positive pressure as an adjunct in arthro 
desis not only of the knee joint, but of the ankle, shoulder, hip, and interphalangeal 
joints. In arthrodesis of knee joints with the aid of pressure, he has shown clinical 
union as early as 12 days and in punch biopsy specimens has demonstrated union 
by trabeculae of cancellous bone across the line of arthrodesis as early as 4 weeks. 
He explains this early union by the bridging together with appositional new bone 
of myriads of trabeculae in the cancellous bone and states that while positive pres- 
sure is of benefit in uniting cancellous bone, it may not aid the union of cortical 
bone. 

Eggers has used the expression “contact compression” and advocates its use 
in fractures to increase their rate of healing. He and his co-workers‘ carried out 
a series of experiments on the parietal bones of rats and concluded that pressure 
in optimal amounts stimulated osteogenesis, while excessive pressure produced 


necrosis and nonunion. His control saw cuts in which the bones were not pressed 


together, did not unite, nor did those in which the bones were slightly pulled apart. 
We have criticized Eggers’ experiments because it is our experience clinically that 
many fractures unite without pressure, and even with slight distraction. Nor im a 
rather extensive experience with positive-pressure arthrodesis have we seen any 
evidence that excessive pressure caused nonunion. In 1951 we reported a series of 
experiments in dogs in which autogenous rib grafts were transplanted to slots in 
the ilium, both with and without pressure.’ The two sides were found to unite at 
approximately the same rate, and after three weeks firm union was present bilat 
erally. Eggers criticized our experiment, noting that the gluteal muscles exerted 
a 
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compression on the bone grafts on the nonpressure, as well as on the pressure, side. 
Abbott, who also discussed the paper, noted that some pressure was lost on the 
experimental side, since the ribs tended to lose their elasticity. The question still 
remains, however, as to just how important pressure is to the healing of bone, 
other factors being equal. We believe that if bones have adequate blood supply 
and are immobilized in reasonably good apposition, then union is very likely to 
occur, and that positive pressure or compression over and above that needed to 
maintain apposition and immobilization may not be necessary. 


In the present set of experiments we have used iliac bone in dogs and compared 


the rates of healing of cuts in this bone when the fragments are subjected to heavy 
pressure, light pressure, and to distraction and that of undisturbed control cuts. 


Fig. 1—Photograph showing right ilium of a dog after a series of cuts were made with an 
oscillating saw. The first cut on the left is a control cut. The cut next to it was made to release 
the control cut from any distraction force. The next cut is subjected to heavy pressure by 5 loops 
(10 strands) of a small rubber band over two metal nails. The cut on the right is subjected to 
light pressure by the same arrangement, using only two loops (four strands) of the rubber bands. 
The cut between the two pressure cuts is distracted by the pull of the rubber bands. The last cut 
on the right is an additional control. 


PROCEDURE 

Operation was carried out 20 times on 19 dogs, both ilia being operated upon in one dog. 
With the use of pentobarbital (Nembutal) anesthesia, the iliac crest was shaved and prepared 
with hexachlorophene (Septisol) soap, iodine tincture, and alcohol and the area over the crest 
of the ilium exposed with sterile drapes. All instruments and apparatus used were sterilized by 
autoclaving or by boiling, and standard operating-room precautions were used. The posterior 
portion of the crest of the right ilium was exposed subperiosteally, care being taken to avoid 
interfering with the blood supply of the bone any more than necessary. With use of a Luck bone 
saw with oscillating attachment, five or six cuts at right angles to the crest were made through 
the entire thickness of the bone (Fig. 1). The oscillating saw was used in order to minimize 
damage to the periosteum and muscles. The cuts so made were 0.5 mm. wide. After this, small 
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¥Y in. (1.3 cm.) nails were driven into the bone at right angles to the crest and equidistant from 
the saw cuts. Then a very small rubber band (orthodontic band) was looped back and forth over 
the two nails across the distal cut, so that 8, 10, or 12 strands of the very tight rubber band 
pulled the nails together. The maximum number of turns that could be applied without breaking 
the rubber band were made. The average space between these nails was 1.1 cm. This applied 
heavy pressure to the saw cut. A similar orthodontic band was doubly looped over the remain- 
ing two nails, applying light pressure to another saw cut. The center saw cut between the two 
pairs of nails, each pair of which was looped by rubber bands, was thus opened up, or distracted, 
a slight amount by virtue of the rubber bands tending to close up the cuts under them. An 
additional cut at one or the other end of the experimental cuts, not subjected to pressure or to 
distraction, was designated a control cut. The space between the nails was measured and the 
wounds closed routinely. The average space between the light-pressure nails was 1.2 cm., and 
two turns (four strands) of the rubber bands were used. 

At intervals varying from 1 to 12 weeks each dog was killed and the ilium dissected out 
Specimens were obtained at weekly and semiweekly intervals. Each ilium was x-rayed and 
further dissected and examined grossly for evidence of healing. The space between the nails was 
again measured to see whether by the sustained pressure they had moved any closer together 
Then 12 of the specimens were cut into triangular blocks after removing the nails and rubber 
bands and cutting along the nail tracts. Individual blocks were thus obtained, each containing the 
original saw cut and adjacent bone which had been subjected to heavy pressure, light pressure, 
no pressure (control), or distraction. These blocks were placed in formalin and decalcified, and 
microscopic sections were prepared 


GROSS EXAMINATION 

In spite of careful aseptic technique, infection proved a difficult problem. In 
only nine dogs was there clean healing, without sinus formation or granulation 
tissue formation about the pins or bands. In three dogs sinuses were present, and 
in seven dogs the skin was healed but about one or more of the pins and rubber 
bands granulation tissue had formed, either with or without an abscess. As was 
noted by Eggers and his associates in their work, infection did not seem to inter- 
fere markedly with bone healing in the experimental animal unless it involved 
the area of fracture. 

At 7 and 10 days, the cuts in the bone were all visible, but no motion on either 
side of the two pressure cuts could be demonstrated. A slight springy motion was 
present in the control and in the distraction cut. At 17 days, a slight amount of 
motion was demonstrated only in the distraction cut, and at 21 days and afterward, 
all cuts—control, distraction, or heavy- or light-pressure—were solidly healed by 
bone; as the time interval increased, it became difficult to identify the site of the 
original cut in many specimens. 

Although we tried to carry out these experiments only on large, adult dogs, 
it was necessary to use a few smaller dogs or younger dogs in which the iliac 
apophyses were still present. This resulted in fracture and displacement of one or 
two of the small blocks in a few of the dogs. However, these united to their bones; 
the saw cuts united as though the fracture had not occurred, and we saw no 
evidence of necrosis of the fractured segment. 

As the time interval increased, new bone appeared on the lateral aspect of the 
ilium where the muscle and periosteum had been elevated and approximated 

In only 5 of the 20 cuts subjected to light pressure were the nails found to 


have moved closer together. In two of these, at the time of x-ray study and dissec 


tion the pins were 0.5 mm. closer, and in three they were 1.0 mm. closer together. 
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Where heavy pressure was applied, the two pins were 0.5 mm. closer together 
in two specimens and 1.0 mm. closer in seven. These were scattered through the 


series and did not seem to represent a progressive change. Part of this approxi- 


mation may have been due to drifting of the nails in the bone. 


Fig. 2.—X-ray of ilium shown in Figure 1, the dog having been killed one week after 
operation, Control cuts are at either end, The distraction cut is in the center. The two pins on the 
left bridge the cut subjected to heavy pressure, and the two pins on the right bridge the cut 
subjected to light pressure. Early healing by virtue of the approximation appears to have begun 
on the pressure cuts. 


Fig. 3.—Ilium removed three weeks after surgery. The control cut on the left and the two 
pressure cuts between the end pair of pins show rapid healing, while the distraction cut in the 
center lags behind and is filling in from the bottom with new bone. 


X-RAY FINDINGS 
Only lateral x-rays of each ilium are taken. These tended to confirm the stage 
of healing as determined by the gross examinations. The x-rays revealed the 
approximation of the cuts subjected to pressure and the slight opening of the cut 
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Fig. 4.—X-ray of the ilium of a dog killed five weeks after the experimental procedure was 
carried out. The control defects on the left and the two defects subjected to pressure have healed 
equally well. The distraction cut in the center of the pins is healing more slowly from the 
bottom of the defect. Infection was present in this ilium 


Fig. 5.—This dog was killed 10 weeks after surgery. All defects are well healed. In this case 
the cut between the two pins on the left, which was subjected to heavy pressure, shows more 
residual changes than the control, the distraction, or the light-pressure cuts 
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which was distracted. Since the x-ray was in one plane and of a flat bone, any 
periosteal callus which may have been present was not shown (Fig. 2). 

The x-ray of the dog killed one week after surgery (Fig. 2) shows the approxi- 
mation of the two cuts subjected to pressure and the gaping of the cut between 
them, subjected to distraction. Control cuts at either end show no definite sclerosis 
or change. The control cuts measure 0.5 mm., the thickness of the blade, and the 
distraction cut measures 1.0 mm. The two pressure cuts are approximated. From 
this x-ray one would anticipate more rapid healing of the two cuts to which pres- 
sure was applied because these are approximated, while the control and distraction 
cuts are separated by a slight interval. 

The x-ray of the two-week specimens showed evidence of healing of all cuts. 
The cuts subjected to positive pressure appeared as small lines of sclerosis, and 


Fig. 6.—Ilium removed 12 weeks after the experimental procedure was carried out. The block 
in the center, which is elevated, probably fractured and displaced upward but subsequently healed. 


trabeculae appeared to traverse these lines. The spaces between the margins of the 
control and the distraction cuts were cloudy and appeared to contain delicate 
trabeculae of new bone. 

The three-week specimens (Fig. 3) showed progression of the filling in of the 
cuts, but the distraction cut lagged behind the controls and the pressure cuts in 
that it tended to fill in from the bottom and the widest part had not been completely 


filled in with bone, In the dog illustrated, common straight pins were cut off and 
used in place of the nails. 


Infection occurred in one of the specimens at five weeks (Fig. 4). A draining 
sinus opened into an abscess about the pins and rubber bands. There was some 
sclerosis of the ilium. Healing occurred in spite of the infection and the distraction 
cut was filled in about two-thirds, while the pressure cuts were filled in with new 
bone, as were the control cuts. 
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X-ray study of the specimen at 10 weeks showed all cuts well healed. Only 
small lines of sclerosis indicated their previous sites. The distraction cut was as 
well healed as were the pressure and control cuts (Fig. 5). 

The specimen of longest (12 weeks’) duration showed all cuts in the bone 
healed. Small defects and offset at the distraction cut, although the base of the cut 
is filled in, suggest that this triangular fragment of bone between the distraction 
cut and the light-pressure cut may have fractured earlier, been held in place by 
the pin and rubber band, and proceeded to union (Fig. 6). 


MICROSCOPIC EXAMINATION 

Sections were made in one plane only. They were taken in line with the crest 
of the ilium, so as to cross the saw cut and enable one to study the defect in the 
cortex of the crest of the ilium and the underlying cancellous bone, the section 
passing between the two cortices of the ilium. 

In the earliest specimen (one week) in all cuts (control, distraction, heavy- 
pressure, and light-pressure) osteoid and early appositional new bone had already 
appeared in the cancellous bone and small trabeculae were present in the surround- 
ing soft tissue. Only soft tissue was present between the cortical bone at the open 
ends of the cuts. Empty lacunae in this area suggested that the margins of the 
cortical bone were necrotic. 

At two weeks the new bone in the cancellous region was more mature and 
appositional bone trabeculae had begun to fill in the gap between the cut ends of 
the cortex. 

At three weeks trabeculae of bone had begun to appear in the newly formed 
bone between the cortical bone, as well as in the cancellous bone. A notch filled 
with soft tissue was present at the surface of the distraction cut, and the new bone 
below this was not as dense as in the pressure cuts. 

In those specimens removed after an interval longer than three weeks, the 
trabeculae bridging the cuts was relatively mature dense bone and appeared to be 
organizing rapidly to conform to the structure of the surrounding normal bone. 


COM MENT 


These experiments have been carried out on bone which, unlike bone of the 
skull, heals readily. It is largely cancellous and has good blood supply, and in this 
experiment care was taken to interrupt this blood supply as little as possible. Our 
experiments were similar to those of Eggers, Shindler, and Pomerat,* but we 
used the ilium of dogs, whereas they used the cranium of rats, and in their cuts 
subjected to heavy pressure and in their control cuts without pressure the bones 
did not unite. In our experiments, on the contrary, all the cuts united, and we 
have been interested to learn the rapidity with which fractures of the ilium of the 
dog heal. This is true both of the controls and of the pressurized cuts. As early 
as one week, osteoid and early new bone have appeared. This new bone appeared 
first in the cancellous portion of the ilium and then extended out into the space 
between the margins of the cuts to unite the bones. 


We think it significant that there was such a slight difference in the rate and 


manner in which the various cuts healed. The application of pressure, either heavy 


or light, did not seem significantly to accelerate or retard union of the bone, nor 
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have we seen any evidence in support of the theory that heavy pressure tends to 
cause pressure necrosis of the bone and nonunion of the fracture. It must be 
remembered, though, that whereas the blocks remained intact, these experimental 
fractures (control or otherwise) remained in reasonably good apposition and were 
well immobilized. However, there was a slight gap of 0.5 mm., due to the thick- 
ness of the saw, in the control cuts which were not subjected to distraction, while 
the bones of the pressurized cuts were in direct contact. We believe that the bur- 
den of bridging this gap accounts for the slightly slower rate of union in these 
control and pressurized cuts. If the gap were widened enough, we should expect 
nonunion to occur, and this accounts for the notch in the margin which was caused 
by the distraction. 

The experiment was carried out in such a way that physiological muscular 
action should not have exerted a pressure force on any of the fractures. By the 
use of a small spring scale and similar orthodontic rubber bands, it was estimated 
that an average pressure of 4 lb. (1.8 kg.) was exerted by the bands between the 
pins at the heavy pressure cuts, and an average pressure of 7% oz. (225 gm.) was 
exerted across the light-pressure cuts. Since this pressure is borne by a relatively 
small area of bone (cross section of the dog iliac crest), it follows that it would 
amount to a considerable force. We estimate that it would be 80 lb. (36 kg.) or 
more in the case of heavy pressure. If the same relative pressure were applied 
to an adult knee which is being fused, as here, the approximated surfaces of the 
bones would have an area of about 2 sq. in. (13 sq. cm.). 


CONCLUSIONS 
When experimental fractures are produced in bone which is largely cancellous, 
and has a good blood supply, early union may be expected if these fractures are 
immobilized in reasonably good apposition. 


Additional positive pressure does not seem to have any marked influence on 


the rate or manner in which this healing occurs. 

In our experiments excessive pressure did not cause pressure necrosis and 
nonunion. 
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TEMPOROMANDIBULAR JOINT DISEASE 


Abnormal Mandibular Function as Basis 
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BNORMALITIES of the temporomandibular articulation, sometimes painful 
in nature, are seen clinically more frequently than is generally acknowledged. 
In 1947, Boman! observed temporomandibular arthropathy in one-third of a 
group of 1,350 adults. In 1949, Markowitz and Gerry * noted that in a group 
of 700 unselected young adults, 28% had abnormality and that 6.4% had sufficient 
temporomandibular pain to have sought treatment. Much of the symptomatology 
of temporomandibular disease is based on systemic processes involving this joint. 
Comroe * reported a 20% incidence of temporomandibular involvement in acute 
rheumatoid arthritis. Involvement of the temporomandibular joint is also observed 
in Osteoarthritis and specific infectious arthritis as gonococcal arthritis, syphilitic 
arthropathy, and direct involvement of the joint by extension secondary to infections 
of the temporal bone or from the temporal and infratemporal fossae. Cases of 
tuberculous involvement may be found by direct extension from the regional lymph 
nodes. Brucellosis, scarlatina, and pneumococcal infections have on occasion been 
found as invaders of this joint. Actinomycosis and streptococcal involvement of 
the soft tissues about the joint have been noted. However, in spite of the multi- 
plicity of the systemic etiologic backgrounds, by far the commonest types of 
temporomandibular complaints are those which are secondary to trauma or those 
caused by abnormal movements of the mandibular condyle. It is concerning these 
two problems that this pa; °r will be directed. 


TRAUMATIC CONSIDERATIONS 

The commonest traumatic problem of the temporomandibular joint is undisplaced 
fracture of the condylar neck. This is treated by immobilization of the mandible 
with the teeth in occlusion, after which normal function usually returns. Fracture- 
dislocation is a far more serious problem. There is usually forward tilting of the 
condylar fragment into the infratemporal fossa. Owing to the soft tissue injury, 
considerable articular and periarticular scarring occurs. Because of the displacement 


of the condylar fragment in the direction of the origin of the external pterygoid 


muscle, the ability of the condyle to carry out normal anterior excursion is 


—E 
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greatly impaired. This motion is necessary not only to permit normal depression of 
the mandible, but also to permit excursion of the mandible toward the opposite 
side (lateral excursion), a movement which is essential to the mastication of food. 
In the management of the fracture dislocation, three courses of treatment are 
available: 1. To treat it as undisplaced condylar fracture and allow the proximal 
fragment to heal in whatever position it may be, with the teeth of the mandible 
immobilized in occlusion to the maxillary dentition. 2. To immobilize the mandible 
in the customary manner and surgically reduce the displaced condyle. 3. To 
perform early condylectomy on much the same basis as the removal of the head 
of the radius in fractures of the elbow joint. Each of these procedures has its 
adherents and probably all three are indicated at various times. A discussion of 
the indications and contraindications for each procedure is not within the scope 
of this article. It is sufficient to mention that problems involving fracture-dislocations 
of the mandibular condyle are extremely complex, and any plan of treatment should 
be carried out only after considerable thought has been given to the individual 
case presented. We are at present interested in the sequelae of condylar fractures 
and their relation to the temporomandibular joint. Many of the complaints about 
the temporomandibular joint do not appear until sometime after the condylar 
fracture has healed completely. The symptoms do not present in the joint which 
has been injured, but actually in the contralateral joint. These symptoms have as 
their basis the periarticular scarring following trauma and the anterior displacement 
of the condyle, or both, as previously described. As a result of these changes, the 
normal function of the injured joint is impaired, and the patient must transfer 
the load of mastication to the opposite joint. This will then be the etiology of the 
contralateral symptoms, since the patient will masticate with the teeth on the 
injured side. Mastication in this manner requires only a small range of motion 
of the injured condyle but maximum motion of the contralateral uninjured condyle. 
Since one condyle in these cases is of necessity doing the work of both, chronic 
hypermotility symptoms will eventuate. Actually, injuries short of fracture will 
sometimes produce limitation of normal movement of the injured condyle as a result 
of scarring. In any case of traumatic injury of the temporomandibular joint, it 
is the responsibility of the clinician before he discharges the patient from treat- 
ment to make sure that there is adequate and normal excursion of both condyles 
and that the patient is able to masticate easily on both sides of his mouth. When 
loss of condylar excursion occurs after injury, reestablishment of function can 
usually be effected by encouraging the patient to masticate with the teeth on the 
opposite side from that injured. If this simple suggestive therapy is not effective, 
a tongue exercise can be instituted. This consists of having the patient place the 
tip of his tongue against the molar teeth on the side opposite that which has been 
injured and have him depress and elevate his mandible with his tongue held in 
this position (Fig. 1). This exercise should be repeated for about five to ten 
minutes, several times a day until the patient can depress his mandible without 
deviation of the chin toward the side of the injured condyle. This mandibular 


deviation is characteristic of loss of motility of one of the injured condyles 


associated with scar formation. A further discussion of these exercises will follow. 
It should be mentioned that when equivalent injury of the mandibular condyles 
occurs bilaterally, there is no need for concern about the development of the 
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fracture condylar syndrome. When equivalent bicondylar loss of function occurs, 
the patient is unable to place a greater masticatory stress on one condyle and 
will develop the best type of condylar function available in both joints. 


DERANGEMENTS BASED ON ABNORMAL CONDYLAR MOTILITY 


Normally, the head of the mandibular condyle over its anterior slope is covered 
with an articular layer of fibrocartilage. Similar fibrocartilage extends along the 
anterior wall of the glenoid fossa up to the crest of the articular tubercle. Interposed 
between those two articular surfaces is a dense, fibrous, interarticular dise or 
meniscus. This is attached at its periphery to the joint capsule which, in turn, 
extends from the glenoid fossa around the condylar neck. The dise divides the 
temporomandibular joint into two joint spaces, the upper and lower. The capsule 
is quite loose between the disc and the glenoid fossa, except at its anterior aspect 
between the condyle and the articular disc, where it is firmly held. Normally, the 


Fig. 1.—Position of tongue during exercise to encourage excursion of injured condyle 


articular disc moves with the condyle, and while the insertion of the upper head 
of the external pterygoid muscle tends to move the disc anteriorly, there are no 
muscular attachments which move it posteriorly. The disc must therefore return 
from anterior excursion along with the condyle. In other words, the disc moves 
as a unit with the condyle. When this intimate arrangement between disc and 
condyle is interrupted, a disc derangement may be said to exist. A large part of 
the effectiveness of the human masticatory apparatus is based on the ability of 
the condyle to glide from its posterior rest position, anteriorly. This gliding action 


of the condyle is carried out so that a part of the articular surface of the condyle 


is in contact at all times with a part of the articular surface of the glenoid fossa 
and the articular tubercle. Whenever condylar excursion exceeds this range of 
normal articular contact, hypermotility may be said to exist (Fig. 2). 

Condylar hypermotility can be divided into two groups. These are anterior 
hypermotility and posterior hypermotility. It is also likely that most types of disc 
derangement may be included in these two groups, although occasionally a disc 
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derangement occurs which cannot be classified in either of these areas. For the 
purpose of simplicity, anterior and posterior hypermotility and anterior and posterior 
disc derangement will be discussed separately. 


POSTERIOR DISC DERANGEMENT 


Posterior hypermotility and disc derangement will be discussed first because 
this type is etiologically the easiest to explain and frequently the easiest to treat. 
It is also considered first because the anterior type of hypermotility, with or 
without disc derangement, will often occur secondarily to the posterior type of 
disc derangement. To understand posterior hypermotility adequately, it is necessary 
to start with a brief explanation of some points on dentition. When the mandible 
is elevated so that the teeth come in contact, all of the teeth should come into 


Fig. 2.—X-ray showing forced mandibular depression with normal range of motion. Reprinted 
with permission from an article by H. A. Markowitz and R. G. Gerry (Oral Surg. 2:1309-1337 
[Oct.] 1949), published by C. V. Mosby Company, St. Louis. 


contact simultaneously in what the dentist calls “centric occlusion.” Under normal 
circumstances, the cusps mesh in a set pattern, When this type of normal occlusal 
relationship of the teeth exists, there is no abnormal masticatory stress upon the 
temporomandibular joint, the stress being distributed equally along the dental 
arches. However, quite frequently complete simultaneous contact of all of the biting 
surfaces of the teeth does not occur. Certain cuspal eminences come into occlusal 
contact with the teeth of the opposite arch prematurely. It is then necessary to 
slide the teeth along the abnormal contact until the remaining teeth are brought 
into occlusion. When this condition occurs, “prematurities” are said to exist. It 
is not hard to realize that when “prematurities” are present, the condylar path of 


return, from the point where the “prematurities” occur until the most complete 


bite relationship exists, must be deviated from the normal and of necessity be 


altered to correspond with the new path required to complete adequate closure 
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contact.* In these circumstances, the articular disc is forced to remain in its 
normal anteroposterior relationship by the insertion of the upper head of the 
external pterygoid muscle into the joint capsule at its anterior border. However, 
since the condyle is seated in an abnormal position as a result of the force of the 


elevator muscles on the mandible, stretching occurs in the anterior part of the 


capsule between the articular surface of the condyle and the articular disc. This 
stretching is actually a form of disc derangement and may be accompanied by 
pain on complete closure. When the capsule in this area is stretched sufficiently, 
a “click” may be palpated over the temporomandibular joint. This occurs when 
the dise is stabilized by the external pterygoid muscle and the condyle proceeds 
posteriorly in its abnormal pathway. This disc derangement is relieved when the 
patient depresses the mandible and the normal disc condyle relationship is restored. 
This condition produces pain, primarily when the teeth are brought into occlusal 
contact. Clicking, when present, occurs simultaneously with the first contact of 
the prematurities of the teeth and again when the mandible is depressed. This 
condition is readily treated by removal of the offending prematurities by selective 
grinding of the premature contacts. In certain more complex cases, it may be 
necessary to increase the vertical height of the teeth by means of either plastic or 
metallic occlusal splints. In no sense is this situation of posterior hypermotility 
with disc derangement to be considered as a part or form of Costen’s syndrome, 
which was described so frequently in the literature of the middle 1930's.’ Posterior 
disc derangement implies no impingement on the chorda tympani or on the auriculo 
temporal nerve. It does not imply pressure or perforation of the anterior tympanic 
plate or loss of patency of the Eustachian tube. It is primarily a simple form of dise 
derangement which is easily corrected. Occasionally though, posterior disc derange 
ment will stimulate the overt mandibular movement which is necessary to produce 
the more complicated form of anterior disc derangement. When this circumstance 
exists, it is necessary that both the anterior and posterior type of disc derangement 
be treated. 


ANTERIOR HYPERMOTILITY AND DISC DERANGEMENT 


Anterior hypermotility is that situation which exists when the mandibular 
condyle continues its anterior excursion beyond the normal range, i. €., to a point 
where the posterior border of its articular surface is carried beyond the anterior 
limit of the articular surface which is on the crest of the articular tubercle. When 
this condylar motion continues directly anteriorly and on a horizontal plane, it is 
called subluxation. When it continues anteriorly and is elevated into the infra 
temporal fossa as a result of the pull of the temporalis and masseter muscles, it is 
called dislocation (Fig. 3). Roentgenographically, acute and chronic dislocation 
are indistinguishable. The etiologic factors in the development of anterior condylar 
hypermotility are sometimes quite obscure, But regardless of the specific cause, 
they are usually related to an alteration of the normal muscle balance. The external 
pterygoid muscle exerts a greater than normal pull upon one or both condyles 
This increase in external pterygoid muscular capacity may be based on several 
factors: 1. Inadequacies of the dental apparatus. These include malocclusion, loss 
of teeth, painful caries, or any condition of the masticatory apparatus which makes 


em 
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it necessary for or encourages the patient to conduct all his masticatory efforts with 
one part of the masticatory apparatus. Some examples of these factors would be 
(a) “locked bite” in which the patient can comfortably masticate on the right side 
of his mouth but cannot masticate on the left, with the result that all of the mastica- 
tory effort is borne by the left mandibular condyle, and (b) missing teeth, in which 
the patient has one or more teeth missing on one side of the dental arch and as a 
result has learned to carry on his mastication with the other normal side, or 
similarly, when the posterior teeth are missing and the patient has learned to effect 
mastication with his anterior teeth. 2. Interference with the normal function of 
one temporomandibular joint, with the result that the patient does all his mastication 
on the side of the impaired joint, thus placing the masticatory stress on the contra- 


Fig. 3.—X-ray showing condyle dislocated (left joint). Reprinted with permission, from an 
article by H. A. Markowitz and R. G. Gerry (Oral Surg. 2:1309-1337 [Oct.] 1949), published 
by C. V. Mosby Company, St. Louis. 


lateral joint. An example of this is the post-fracture condylar syndrome described 
above, in which, as a result of healed fracture dislocation, the function of the 
injured temporomandibular joint has been impaired and the patient carries on 
mastication with the teeth on the side of the injured condyle. 3. Emotional con- 
siderations. These are most difficult to evaluate, but it seems evident that the 
emotional factors in the production of anterior hypermotility cannot be disregarded. 
Some patients with very severe dental inadequacies have no temporomandibular 


joint symptoms whatever, and others with minor dental abnormalities have definite 


evidence of anterior condylar hypermotility. It seems likely that the development of 
increased external pterygoid capacity necessary to produce the anterior type of 
condylar hypermotility is in large part based on the patient’s individual attempts 
to compensate for any masticatory inadequacy. Another consideration is that the 
mandible itself can be used as an instrument of expression, i. e., protrusion to 
demonstrate resentment, with the result that increased condylar excursion can be 
induced on the basis of emotional demonstration. 
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DIAGNOSIS AND TREATMENT 


Most patients will present themselves during an episode of pain in either one 
or both temporomandibular joints. This pain may have followed a loud “pop” 
and is accompanied by an episode of acute dislocation which the patient reduced 
manually or which was reduced by his dentist or physician. The acute disc 
derangement or “pop” may not have recurred since the initial episode, but the 
patient very often has symptoms of pain and limitation of excursion. Sometimes 
there is a history of several such episodes. Frequently, there is clicking in the other 
joint which is not painful. 

There may be interference with mandibular depression. There is deviation of 
the mandible toward the painful joint on opening, unless both joints are involved 
Occasionally there is no pain at all, and the patient presents himself because the 
“clicking” is annoying, and his jaw “sticks.” The pain, when present, is the result 
of acute strain and should be treated as any acute strain, with limitation of motion 
and use of local heat and salicylates. Giving the patient a soft or liquid diet is 
often sufficient limitation of motion. Active immobilization is indicated only in 
severe cases. We recommend this immobilization only during the initial acute phase. 
It is felt that the disc derangement and dislocation have set up an irritative 
phenomenon in the surrounding soft tissue. The body attempts to splint this area 
itself. During this phase, the x-ray findings will not be hypermotility. If nothing 
is done for the patient at this time, the pain will recede in a few days and the oral 
cavity will increase in size to a greater than normal opening. X-ray will then 
reveal hypermotility. If one wishes to shorten the acute phase, one can treat the 
patient with heat, salicylates, and, occasionally, procaine injections. Until the acute 
symptoms have resolved, little effort should be made to accomplish any permanent 
improvement. After the acute pain has subsided, roentgenograms should be taken 
of both joints, at the maximum incisal opening, which should be recorded so that 
the degree of condylar hypermotility can be followed. These roentgenograms should 
be taken from the standard modified Laws’ mastoid position, over the joint 
with a downward angulation of 15 degrees. Normal persons have incisal openings 
of 35 to 45 mm., but there is a high degree of individual variation. Persons with 
severe overbite require much greater condylar excursion to accomplish the same 
incisal opening than do patients with normal incisal relationships. Opera singers 
usually have greater incisal openings than average. They accomplish this without 
condylar hypermotility as a result of increased capacity of the suprahyoid muscu- 
lature, which maintains the condylar position during mandibular depression. 
Patients with greater retrusive than protrusive muscular capacities do not develop 
hypermotility of the anterior type. The path of the menton in uninterrupted lateral 
excursion is also of importance. In normal mastication, the lateral mandibular 
excursion of 3 to 4 mm. is sufficient to bring the buccal cusps of the mandibular 
teeth into the masticatory position. Many patients with condylar hypermotility 
have lateral mandibular excursion of 15 to 20 mm. Anterior condylar hypermotilities 
are rarely seen in patients wearing full dentures, as lower dentures are not stable 
during the bizarre lateral excursion of the mandible, and the patient is forced to 


limit his mandibular activity to control his lower denture. In the anterior type of 


condylar hypermotility when the disc derangement is sufficiently great and the 
joint capsule has been stretched sufficiently, disc derangement may occur at any 
intermediary point along the condylar pathway instead of at the point where the 
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condyle passes beyond the crest of the articular tubercle. After disc derangement 
during anterior condylar excursion, there is usually disc reduction upon the return 
to the rest position. In cases in which hypermotility is unilateral, it is necessary 
to make mastication comfortable with the teeth on the side of the affected condyle 


and to encourage bilateral mastication. This can be done by the use of a special 


dental prosthesis and is particularly successful in cases of postcondylar fracture 


hig. 4.—Upper photograph shows lateral deviation of depressed mandible in condylectomized 
patient, lower photograph, normal depression (Same patient, after course of exercise treatment 
for increasing suprahyoid muscle pull). 


syndrome, We at St. Albans have instituted mandibular exercise to encourage the 
use of the condyle which is not hypermotile. The patient places the tip of his 
tongue against the palatal surfaces of the molar teeth on the side of the normal 
condyle, The patient then opens and closes his mouth. This encourages excursion 
of the condyle which is not hypermotile. Best results are obtained by repeating this 
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exercise every hour for five minutes, until the patient can masticate easily on 
both sides of the dental arch (Fig, 1). In cases in which both condyles exhibit 
anterior hypermotility and the occlusion is essentially normal, patients do well if 
the mechanism of hypermotility is explained to them and they voluntarily avoid 
condylar excursion to the extent necessary to produce disc derangement. These 
patients are also taught to exercise by placing the tip of the tongue at the junction 
of the hard and soft palates and keeping the tongue in this position to depress the 
mandible (Fig. 4). This exercise will strengthen the superhyoid musculature to the 
point at which some of the load of mandibular depression is placed on these muscles 
and the external pterygoids are partially relieved of their burden. The superhyoid 
musculature is a natural antagonist to the external pterygoids in this particular 
action, Patients treated in this manner are still able to depress the mandible to 
the same degree as prior to the exercise, but x-ray studies will reveal a decrease 
in condylar motility. 

When premature contacts exist, they should be eliminated, and when mandibular 
overclosure is present, occlusal splints can be supplied to correct this lack of 
vertical dimension. The principle aim of any occlusal alteration in the treatment 
of condylar hypermotility is to provide the patient with an anatomical, comfortable, 
definite position of closure so that the mandible will not be stimulated to overt 
movements. 


This discussion of bicondylar hypermotility has so far been limited to an 
evaluation of its development, and diagnosis, and the removal of deforming forces. 
I'requently, management of this type is insufficient because the capacity for hyper- 
motility still exists, and the habit of moving the mandible over a bizzare range of 
motion continues. 

In accordance with the concept that hypermotility has as its physiopathologic 
basis an increased external pterygoid muscle capacity, we have attempted to treat this 
problem with a direct approach. The rationale is that if a normal condylar excursion 
can be maintained, concurrent disc derangement will ultimately repair itself. The 
skeletal system of the body is built and operated as a series of levers, and each 
lever has its counterbalancing muscular forces. In the treatment of patients with 
bicondylar hypermotility, we have attempted to develop the capacity of the supra- 
hyoid musculature group, which is an antagonist to the external pterygoids. On 
this basis, we have applied the principles set forth by DeLorme and Watkins.” 
The strength of a muscle can be augmented significantly only by contracting 
against a degree of resistance that calls forth a maximal effort. The best results are 
obtained by repetitive bouts, each reaching the maximum intensity. The bio 


chemical processes required in muscle contraction are catalyzed by heating the 


muscle. We find 20 minutes of 80% microwave diathermy (Raytheon) is an 


adequate preliminary heating. 

The resistive load is applied by use of a weight attached to a cord which is 
passed over a single pulley. This cord is then fastened to the handle of a lower 
impression tray, which is attached to the lower teeth by means of impression 
compound (Fig. 5). The initial resistive load should be 3 Ib. (1.4 kg.). This is 
progressively increased up to 15 lb. (6.8 kg.). The weight, however, must be 
varied for the patient depending on the patient’s muscular picture. During the 
exercise period, care must be taken to see that the weight is being properly utilized. 
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Mandibular protrusion should be accomplished with the aid of a technician. The head 
must be stabilized and the neck held securely so that the patient does not use the 
paravertebral muscles to move the weights. 

We have instituted a regime of exercise twice a day for 10 minutes. We have 
also attempted to educate the patient to be conscious of his suprahyoid muscle 
action by having him palpate the muscles during exercise. Since most of our patients 
are military personnel, it is not always feasible to keep the patient under observation. 
We educate the patient to the aims of the treatment and encourage him to continue 
with the tongue exercise. This program has been found to be entirely satisfactory. 


CHRONIC FACTORS 


In patients who have had repeated episodes of acute dislocation and chronic 
hypermotility, in those who have been treated by the injection of sclerosing material, 
as advocated by Schultz,’ or in those in whom the findings indicate the development 
of articular or periarticular scar tissue, there is frequently the complaint of joint 


Fig. 5.—Apparatus used to increase suprahyoid muscle pull on a progressive resistive basis. 
Weights are not shown. Head is stabilized to prevent use of paravertebral muscles. 


pain, especially during cold weather. We have treated these patients by explanation 
of their problem. Symptomatic treatment with diathermy, salicylates, and injec- 
tions of anesthetic agents have produced excellent results. In cases of chronic 


hypermotility with pain along the anterior border of the masseter muscle, sympto- 


matic treatment also brings dramatic response. Occasionally, long-standing inflam- 
mation has produced sufficient scarring to have permanently displaced the articular 
disc. In such patients, symptoms occur regardless of local treatment. In these cases, 
meniscectomy is definitive treatment if the symptoms are sufficiently severe to 
warrant surgery.’° 
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EXPERIMENTAL PRODUCTION OF PULMONARY INSUFFICIENCY 
Physiological and Pathological Study 


JEROME HAROLD KAY, M.D. 
AND 
VIVIEN THOMAS 
BALTIMORE 


HE PRESENT study was undertaken in order to study the chronic physiolog- 
ical and pathological changes that occur after pulmonary valvulectomy. 


METHOD 


Adult mongrel dogs varying in weight from 7 to 14 kg. were used in the majority of the 
experiments. The dogs were given premedication with morphine and atropine and after open-drop 
ether induction, an endotracheal tube with an inflatable cuff was introduced and positive-pressure 
ether anesthesia was employed. The chest was opened through the left fourth interspace, and the 
pericardium was opened anterior and parallel to the phrenic nerve. Temporary ties of No. 4 
braided silk were placed around the superior vena cava, inferior vena cava, azygos vein, and 
the distal portion of the main pulmonary artery. 

Except for the flow of blood through the coronary sinus, the return of blood to the heart 
was temporarily interrupted by traction on the braided silk ties; the pulmonary artery was 
opened longitudinally, and the cusps were completely excised (Figs. 1 and 2). Traction on the 
braided silk ties was released, and almost simultaneously a Halsted clamp was placed at each 
end of the incision in the pulmonary artery, and a straight Pott’s ductus clamp was used for 
temporary closure of the defect. The defect was then closed with a double row of over-and-over 
sutures of 5-0 arterial nonabsorbable surgical (silk) (Fig. 3) sutures. The Pott’s clamp was 
removed, and the pericardium and chest wall were closed. The interval between the beginning of 
traction on the vessels and the reestablishment of circulation was approximately two and one 
half minutes. Cardiac catheterization was performed at least four or five times postoperatively, 
and pressures were measured with a capacitance manometer and recorded with a direct writing 
oscillograph 

RESULTS 
Fifteen dogs comprised this series. One dog died of right-sided heart failure eight 
months after the production of pulmonary insufficiency. There was pronounced 
ascites, as well as edema of all extremities and the chest wall. Two weeks prior to 


death the right ventricular pressure was 75/5 mm. Hg and the pulmonary artery 
wressure was 75/20 mm. Hg. A second dog died of inanition 10 months after the 
| g 8 


production of pulmonary insufficiency. There was no evidence of heart failure, and 
seven months after production of the defect cardiac catheterization revealed the right 
ventricular pressure to be 65/0 mm. Hg and the pulmonary artery pressure to be 
30/0 mm. Hg. 


A 
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Fig. 1.—Temporary ties are placed around the superior and inferior vena cava, the azygos 
vein, and the distal portion of the main pulmonary artery. The pulmonary artery is opened 


longitudinally. 


Closing incision in 
pulm. a 
Fig. 2 (above).—-The pulmonary cusps are completely excised 
Fig. 3 (below).—Pott’s clamp is applied to the pulmonary artery and the incision is sutured 
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clency 
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$1 


Pulmonary 
Artery 


45/8 


35/6 


Experimental Pulmonary Insufficiency 


Pressures, Mm. Hg 


Mean Mean Mean 


Pulmonary Right Right Right Right 
Artery 


Ventricle Ventricle Atrium Atrium 


Ly 45/0 25 12/5 


Date of Death; Fate; 
Comments 


Killed after 31 mo.; right ventricle 
tremendous & 10 * volume of 
left; cusps completely excised 


Died in right-sided failure 2 wk. 
after catheterization; right ven- 
tricle and superior and interior 
vena cava distended; one cusp 
% excised and the other 2 were 
% excised; pronounced ascites 
present and muscles of chest 
and abdomen edematous 


Killed 2 wk. after catheterization; 
right ventricle slightly dilated 


Killed 1 mo. after catheteriza- 
tion; right ventricle dilated; 1 
cusp completely excised, one % 
excised, and one 4% excised 


Killed 6 wk. after catheterization; 
pronounced dilatation of right 
ventricle; cusps completely ex- 
cised 


Killed 6 wk. after catheterization; 
right ventricle slightly dilated; 
cusps completely excised; heart 
defibrillated during production 
of defect 


Killed 5 wk. after catheterization; 
right ventricle slightly dilated; 
cusps completely excised 


Killed 4 wk. after catheterization; 
slight right ventricular dilata- 
tion; cusps completely excised 


Killed 4 wk. after catheterization; 
right ventricles slightly dilated; 
two cusps completely excised 
but 3d was intact 


Died 3 mo. after catheterization; 
had not eaten for 1 wk.; etiol- 
ogy of death unknown: dog 
wasted; cusps completely ex 
cised; right ventricle slightly 
dilated 


Killed 5 wk. after catheterization; 
right ventricle slightly dilated; 
cusps completely excised 


Killed after 22 mo.; pronounced 
dilatation of right ventricle; 
cusps completely excised 


Killed 4 wk. after catheterization; 
right ventricle slightly dilated; 
cusps completely excised 


Killed 7 wk. after catheterization; 
right ventricle dilated; cusps 
completely excised 


Killed 4 wk. after catheterization; 
right ventricle slightly dilated; 
cusps completely excised 





EXPERIMENTAL PRODUCTION OF PULMONARY INSUFFICIENCY 


Ten dogs were killed 19 to 27 months after production of pulmonary insuffi 
ciency. At autopsy they all revealed slight dilatation of the right ventricle ; however, 
there was no evidence of peripheral edema or hepatomegaly. Prior to death the right 
ventricular pressures ranged from 40/0 to 100/0 mm. Hg, with the mean ranging 
from 15 to 32 mm. Hg. 


Three dogs were killed 20, 22, and 31 months after production of pulmonary 


insufficiency. All three revealed markedly dilated right ventricles. In one animal 
the volume of the right ventricle was 10 times the volume of the left ventricle. Car- 
diac catheterization prior to autopsy revealed right ventricular pressures of 35/0 
mm. Hg, with a mean of 15 mm. Hg; 45/0 mm. Hg, with a mean of 25 mm. Hg, 
and 56/0 mm. Hg, with a mean of 36 mm. Hg. The pulmonary artery pressures 
were 35/5 mm. Hg, with a mean of 17 mm. Hg; 45/8 mm. Hg, with a mean of 
25 mm. Hg, and 45/8 Hg, with a mean of 25 mm. Hg. 

Microscopic examination of the lungs and liver in 13 of the 15 dogs revealed 
dilatation of the pulmonary arteries and arterioles in 10 and normal pulmonary 
vessels in 3. In seven of the animals there was dilatation of the hepatic and portal 
veins. 

COMMENT 

Pulmonary insufficiency was produced by occluding the pulmonary artery, incis 
ing it, and excising the pulmonary valve cusps. The mortality with the use of this 
technique is extremely low. Spencer, Muller, and Longmire ' produced pulmonary 
insufficiency by incising one of the valve cusps under direct vision. Long-term 
studies were not performed on their animals. Shaw, Adams, and Rasmussen * 
excised one pulmonary cusp in four dogs. One dog died of a lung abscess and 
empyema within 18 days. The other three were killed at 10, 11, and 22 months, and 
none of them revealed evidence of decompensation. 

Barger, Roe, and Richardson * produced insufficiency of the pulmonary valve 
in three dogs by widening the pulmonary ring or by avulsion of the valve leaflets 
with a valvulotome introduced through the right ventricular myocardium. The degree 
of damage to the valve varied from partial avulsion of one cusp to damage of all 
three cusps. They concluded that pulmonary insufficiency alone had little effect on 
auricular pressure or work tolerance, even after months of daily strenuous exercise 

Of the 15 dogs in which we produced pulmonary insufficiency by excising all 


three pulmonary cusps, 1 died of decompensation within eight months. Another 


g 
animal died at 10 months of inanition, and the remaining 13 animals were killed 


\ll of the animals revealed right ventricular dilatation. In 11 the dilatation was 
slight, and in 4 it was pronounced. 

The lungs were normal on microscopic examination. However, in the majority 
of the lungs the pulmonary arteries and arterioles accompanying the bronchi and 
bronchioles were dilated. There was no evidence of hypertrophy of the vessel walls 
or arteriosclerosis. 

The right ventricular pressure was of interest in that in 10 of the 15 dogs the 
systolic pressure was 50 mm. Hg or more, and in 3 of these the systolic pressure 
was 90 mm. Hg or higher. The pulmonary artery pressure was 40 or higher in 6 
of the 15 dogs. The pulmonary diastolic pressure remained at approximately normal 
levels. 


649 





M. A. ARCHIVES OF SURGERY 


SUMMARY 


Pulmonary insufficiency was produced in 15 dogs by excising the pulmonary 


vaive cusps. In all of the dogs there was mild to pronounced right ventricular dilata- 
tion at the time of death. One of the animals died in right-sided failure. In 9 of the 
15 dogs there was a right ventricular systolic pressure of 50 mm. Hg or more, 
and the pulmonary artery pressure was 40 mm. or higher in 6 of 15 dogs. The 
animals were not allowed to exercise, and it is probable that others would have died 
of right-sided failure if they had exercised, This is contrary to the previously pub- 
lished experimental work, and we feel the difference in results is due to the severity 
of the pulmonary insufficiency in our animals. This pronounced insufficiency was 
due to the completeness of the excision of the pulmonary cusps. 
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EXPERIMENTAL PRODUCTION OF PULMONARY STENOSIS 
Physiological and Pathological Study 


JEROME HAROLD KAY, M.D. 
AND 
VIVIEN THOMAS 
BALTIMORE 


HE PRESENT study was undertaken in order to study the chronic physiologi- 
cal and pathological changes that occur after the production of pulmonary 
stenosis. 


METHOD 


_ 


Adult mongrel dogs varying in weight from 7 to 14 kg. were used in the majority of the 
experiments. The dogs were given premedication with morphine and atropine, and after open-drop 
ether induction, an endotracheal tube with an inflatable cuff was introduced and positive-pressure¢ 
ether anesthesia was employed. The chest was opened through the left fourth interspace, and 
the pericardium was opened anterior and parallel to the phrenic nerve. Temporary ties of No. 4 
braided silk were placed around the superior vena cava, inferior vena cava, azygos vein, and the 
distal portion of the main pulmonary artery. Except for the flow of blood through the coronary 
sinus, the return of blood to the heart was temporarily interrupted by traction on the braided silk 
ties. An incision was made into the pulmonary artery. The blood was aspirated from the pul 
monary artery and the right ventricle. The valve cusps and sinuses of Valsalva were painted with 
concentrated nitric acid (Figs. 1 and 2). 

The traction on the braided silk ties was released and, after a small amount of blood was 
allowed to flow out of the incision in the pulmonary artery, small hemostats were placed on the 
corners of the incision in the pulmonary artery and a straight Pott’s ductus clamp was placed 
longitudinally on the artery to close the incision temporarily. The defect in the pulmonary artery 
was sutured with a double row of continuous 00000 arterial nonabsorbable surgical (silk) sutures 
placed in an over-and-over manner (Fig. 3). The Pott’s clamp was removed. The pericardial 
and chest cavities were irrigated with a copious amount of saline, and the pericardium and chest 
wall were closed. The interval between the beginning of traction on the vessels and the reestab 
lishment of the circulation was approximately two and a half minutes. Cardiac catheterization 
was performed preoperatively in some of the animals and at least four or five times postoper 
atively. Pressures were measured with a capacitance manometer and recorded with a direct 
writing oscillograph. 

RESULTS 

Twenty-nine dogs comprised this series. Four of these dogs died in right-sided 

heart failure. Three of the four dogs had ascites and edema of the abdominal wall 


and extremities. They had a pronounced rise in right ventricular pressure, but the 


pulmonary artery pressure remained essentially unchanged. These three dogs died 


rt 
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Fig. 1—Temporary ties are placed around the superior and inferior vena cava and the distal 
portion of the pulmonary artery. The pulmonary artery is incised longitudinally. 


Closing incision in 
pulm. a 


Fig. 2 (above).—The valve cusps and sinuses of Valsalva are painted with concentrated 
nitric acid. 

Fig. 3 (below).—A Pott’s clamp is applied, and the incision in the pulmonary artery is 
sutured. 





EXPERIMENTAL PRODUCTION OF PULMONARY STENOSIS 


within five months and revealed pronounced stenosis at the area of the valve. The 
cusps were completely destroyed, and there was inelasticity of the area. The fourth 
dog died three months after operation. There was no edema or ascites, but at 
autopsy the right ventricle was found to be dilated and an area of stenosis was 
observed immediately distal to the site of the destroyed valve. There was narrowing 


and inelasticity at this area. 


Nineteen dogs died during cardiac catheterization or were used for other experi 


ments and died after these additional procedures. These animals had pronounced 
stenosis and inelasticity at the site of the destroyed cusps. The right ventricular 
pressure was elevated and the pulmonary artery pressure was essentially unchanged 

Six dog were living 5 to 19 months after pulmonary stenosis was produced. They 
also had elevated right ventricular pressures and approximately normal pulmonary 
artery pressures 

COMMENT 

Various methods of producing pulmonary stenosis have been described. Reid ' 
produced partial pulmonary stenosis in a dog by using a constricting metallic band 
Since then similar techniques have been described. Hufnagel, Roe, and Barger 
produced pulmonary stenosis by excising a segment of the pulmonary artery. Sabis 
ton and Williams * produced infundibular pulmonic stenosis with elevation of the 
right ventricular pressure. Our method consisted of painting the pulmonary cusps 
with fuming nitric acid and depending upon the formation of fibrous tissue to pro 
duce a gradual stenosis. There was evidence of an increase in the right ventricular 
pressure within the first two months. Twenty-four out of 29 dogs had right ventric 
ular systolic pressures of 75 mm. Hg or higher, and the lowest in the entire series 
was 50 mm. Hg; 19 had pressures of 90 mm. Hg or higher. Fourteen dogs 
were catheterized preoperatively, and the highest preoperative right ventricular sys 
tolic pressure was 35 mm. Hg (Table). 

Barger, Roe, and Richardson * reported the pressures of dogs in which pulmonary 
stenosis was produced, using the technique described by Hufnagel, Barger, and 
Roe.” When their animals were relaxed, the right ventricular pressure varied from 
65 to 85 mm. Hg, with a mean pressure of 28 to 30 mm. With slight excitement, 
right ventricular pressure rose to 100 mm. Hg or more. Systolic pressure in the 
pulmonary artery appeared to be only 25 to 30 mm. Hg and mean pressure 12 to 
14 mm. Hg. 

\lden, Haddy, Sprafka, and Baronofsky°® reported that severe experimental 
infundibular stenosis in adult dogs may produce chronic right heart failure in as 
short a time as nine months. 

our of our 29 dogs died of right-sided failure within three to five months. ‘wo 
of these had a large pulmonary artery thrombus, and in two other dogs death was 
attributed to right-sided failure, with no evidence of pulmonary thrombi. At autopsy, 
the majority of the animals revealed right ventricular hypertrophy and loss of elas 
ticity of the area, beginning at the base of the cusps and ending in the pulmonary 
artery about | cm. distally. This area was also slightly stenotic and was about two 
thirds the diameter of the proximal pulmonary artery or approximately one-half the 


area of the distal pulmonary artery 
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Date of Death; Fate; 
Comments 


Alive; no evidence of failure 


failure 


no evidence 


Took 48 hr. to awaken after 
cardiac catheterization and did 
poorly; died 10 days later; lungs 
mostly air-containing but some 
areas of ‘congestion’: throm- 
bus extended 1 em. into infundi 
bulum and 1 em. into pulmo- 
nary artery 


Died 5 wk. after catheterization; 
500 ce, of pink fluid in 
abdomen; area at cusps % nor- 
mal diameter and _ inelastic; 
antemortem plug 1 em. in diam- 
eter, almost completely filling 
pulmonary artery 


serous 


Killed 3 wk. after catheterization; 
loss of elasticity at valve site; 
this area 94 mm. in diameter, 
and pulmonary artery distally 
12.5 mm 


Killed 3 
tion; 
curred 
area 


days after catheteriza- 
ventricular standstill oe- 
during operation; valve 
was scarred 

failure 


Alive; no evidence of 


Alive; no evidence of failure 

Dog killed 1 wk. after catheteriza 
tion; definite and pronounced 
right ventricular hypertrophy 
and definite constriction of PA 
distal to cusps 


Killed 2 wk 
valve area 


after catheterization; 
was searred and 10 
mm. in diameter; distally pul- 
monary artery was 14 mm. and 
proximally, 12 mm. 
Killed 1 wk. after catheterization; 
area of stenosis just distal to 
valve area 7 mm. in diameter; 
distally pulmonary artery was 
12 mm, in diameter 


Killed 7 mo. after catheterization; 
area of stenosis at valve area 
94 mm. in diameter; distally 
pulmonary artery was 19 mm. 
in diameter 


Killed 3 wk. after catheterization; 
sinuses of Valsalva scarred and 
area was 8 mm. in diameter, 
compared with 12.5 mm. for 
pulmonary artery 


Refused to eat and died 5 wk. 
after catheterization, with right 
heart dilated; good stenosis 
distal to valve area; only 8 
mm. in diameter at this area; 
some atelectasis 





Duration 
from 

Production 
of 

Stenosis Pressure, Mm. Hg 

Until Last 

Catheter Mean 

ization Pulmonary Pulmonary Right i Right 
Mo Artery Artery Ventricle Ventricle Atrium 


30/0 18 60/0 4 10/0 


Preop 
Postop 


Preop 
Postop 


Preop 
Postop 


Preop 
Postop 


Preop 
Postop 


Preop 
2 Postop 


Preop 
6 Postop 


Preop 
6 Postop 


Mean 
Right 
Atrium 


4 


Date of Death; Fate; 
Comments 
Killed 3 wk. after cardiac cathe 
terization: searring at valve 


area but no narrowing 


Killed 4 wk. after catheterization; 
some dilatation and _  hyper- 
trophy of right ventricle; area 
at sinuses inelastic and 9.4 mm 
in diameter 


Killed 4 wk. after catheterization; 
slight ventricular hypertrophy 
and stenosis of valve area; this 
area 7.8 mm. in diameter 


Killed 3 wk. after catheterization: 
pulmonary ring rigid and scarred 
diameter, & mm 


No autopsy note 


Killed 1 mo. after catheterization; 
good constriction of valvular 
area and area was 94 mim. In 
diameter 


No autopsy note 


Killed 3 mo. after catheterization; 
valve area 8 mm. in diameter 
and pulmonary artery 13 mm. inp 
diameter; area at cusps had lost 
its elasticity 


Killed 3 wk. after catheterization; 
moderate right ventrienlar hy 
pertrophy; valve area rigid and 
6 mm. in diameter, eompared 
with 1 em. at pulmonary artery 


Died 3 wk. after catheterization; 
; L. of pink serous aseitie fluid; 
edema of all extremities and 
abdominal wall; right ventricle 

to 4 & dilated; pronounced 
stenosis of area 5 mm. distal 
to pulmonary cusps; stenotic 
area 4.7 mm in diameter, com 
pared with 10.9 mm. for distal 
pulmonary artery 


Died 3 mo. after catheterization; 
several hundred ce of pink 
serous ascitic fluid; liver and 
kidneys congested; right ven 
tricle hypertrophied and three 
quarter thickness of left: good 
constriction distal to valve 
area; thrombus attached to pul 
monary artery proximal to bi 
fureation and partially oeclud 
ing right; embolus completely 
occluding left pulmonary artery 


Killed 3 wk. after catheterization; 
right ventricular wall rather 
thick and measuring 9 mm. in 
thickness: organized thrombus 
attached to pulmonary artery 
and causing marked obstruction 
of pulmonary artery 


No autopsy note 
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SUMMARY 


Pulmonary stenosis can be produced by painting the pulmonary cusps with fum- 
ing nitric acid under direct vision. With this method pulmonary stenosis was pro 
duced in 29 animals. They were followed for periods of from 2 to 19 months. At 
autopsy they revealed right ventricular hypertrophy and inelasticity of the proximal 
portion of the pulmonary artery, with narrowing of the artery immediately distal 
to the insertion of the cusps. All of the animals revealed a pronounced increase in 
the right ventricular pressure within two months. Four animals died of right-sided 


failure. If the animals had been subjected to strain and exercise, it is likely that 


right-sided failure would have occurred more frequently. 
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PRIMARY TORSION OF OMENTUM 
Report of Six Cases 
J. LEWI DONHAUSER, M.D. 
AND 


DAVID LOCKE, M.D 
ALBANY, N. Y. 


Kp IRSION of a structure is a turning or twisting about its long axis. Two 
varieties may be recognized: (1) the unipolar, in which the structure is fixed 
at one extremity while its distal end swings free in response to any force acting 
upon it, and (2) the bipolar, in which the structure is fixed at two points with the 
intervening portion left free to twist axially, in the manner of a hammock. 
Although Oberst,’ in 1882, supplemented by Demons, in 1893, presented cases 
of omental torsion, all their cases were associated with inguinal herniae. According 
to the literature, Eitel,? in 1889, reported the first case of purely abdominal torsion 
in America as occurring independently of the presence of a hernia. In 1905, Corner 
and Pinches * found among 41 cases reported, 4 independent of hernia. Hederstad,* 
in 1939, reported a review of 40 cases. Mallory,’ in 1942, found 64 cases that had 
been reported in the literature. A perusal of the literature since then, meeting our 
criteria of only primary omental torsion, yielded 18 more cases, to which we are 
adding 6. 
Many different classifications have been devised to differentiate the various types 
encountered. We feel that the following simple classification should be employed: 
I. Primary (always unipolar) 
(a) Complete 
(b) Incomplete (recurrent) 
II. Secendary 
(a) Unipolar 
1. Cysts and tumors in omentum 
2. Internal herniae (foramen of Winslow, etc.) 
3. External herniae 
4. Associated intra-abdominal pathologic processes 
(b) Bipolar 
1. External hernia¢ 
2. Adhesions 


3. Tumors causing omental fixation 


The etiology of this disease is not clear, but several speculative hypotheses have 


been brought forth. The following factors may be listed as predisposing to primary 
g g \ | g ) 


omental torsion : 
1. Exceptionally large omentum 


2. Long pedicle 


From the Department of Surgery, Albany Hospital, and Medical College 
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Narrow attachment of the pedicle 

Relative increase in the bulk of distal portion of omentum, as by fatty deposits 

Delicate nature and extreme vascularity of the omentum, whereby any portion coming into 
the zone of toxin production and irritation rapidly becomes inflamed. As Morris ® well 
states, “It surrounds inflammatory tissue and its effective mobility is shown by the fact that 
whether the lesion be in the diaphragm roof of the abdomen or in the floor of the pelvis, 
there the omentum can and does find its way.” 


The most popularly accepted mechanisms of omental torsion are the following: 
1. Application of external forces, including trauma, violent exercises, and other bony move- 
ments (we feel this is a compensable disease ) 


2. Constant rolling and tossing of the passive omentum by peristaltic waves, so that any local 
condensation or mass will repeatedly turn and untwist itself, especially at or near the free 
border 


3. The hemodynamic theory. 


The hemodynamic theory first advanced by Payr, depends upon the anatomic 
facts that the omental veins are larger, longer, and more tortuous than the accom- 
panying arteries and that their walls are more compressible. Hence any physical 
change, such as kinking or twisting, will impede the venous circulation, and the 
veins will quickly become engorged. The artery attempting to propel the blood 
against an increased pressure becomes tense, and the veins wind around it like a 
spiral. The tissue involved in this process of vascular dynamics must, perforce, 
follow its rotating vascular component, and thereby the whole mass undergoes 
torsion. 

It has been claimed, especially by Morris, that almost all cases of omental torsion 
are found in the lower right quadrant because of the frequency of pathologic proc- 
esses on that side. This claim is obviously true in cases of secondary omental torsion 
in which hernia or some cause for bipolarity results. There is no unanimity of opin- 
ion as to its truth in primary torsion, but since the great majority of these cases are 
diagnosed preoperatively as appendicitis, it can be assumed that probably primary 
omental torsion is also commoner on the right side. 

It is claimed that incomplete torsion may be of the recurring type and that it is 
a definite clinical entity which can be recognized as such. One of our cases exhibits 
this condition. Patients suffering from recurring abdominal pain may have tem- 
porary twists of the omentum. The omental ball and the omental fibrotic thickening 
occasionally found, result, we believe, from these recurring attacks of incomplete 


omental torsion. The chronic changes occasionally found in excising an omentum 


for acute omental torsion seem to substantiate the existence of the recurring type 


of incomplete torsion. 

The pathologic characteristics of an acute omental torsion show a firm, beefy- 
red, congested mass, which may have necrotic areas. Sometimes large thrombi are 
present in the veins. In the recurrent chronic variety of primary torsion the omentum 
shows circumscribed, knobby areas of thickening and preservation of natural color. 
In the majority of cases the right half is involved and the torsion is usually in a 
clockwise direction. 

The preoperative diagnosis of this condition has been both varied and inaccurate. 
A significantly large percentage of patients with torsion are of a vigorous robust or 
obese type whose occupation subjects them to frequent, sudden, and severe physical 
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strains and abdominal trauma. These factors may well be kept in mind as important 
predispositions to omental torsion. A palpable abdominal tumor may be felt in a 
large number of cases. 

Pain is generally severest over the site of omental twist. Its severity often 
depends upon the proportion of omentum undergoing rotation or torsion, When 
torsion of the entire omentum occurs, the pain naturally would be generalized over 
the entire abdomen. Inasmuch as that portion of the omentum located in the right 
lower quadrant is more commonly rotated than in the other abdominal quadrants, 
the vast majority of patients exhibit pain in this quadrant. Hypothetically, at least, 
we may give as the reason for this the fact that it is the location where the greatest 
physiologic activity occurs. Hence the frequency of the diagnosis of acute appendi 
citis. There may be tenderness in the cul de sac, provided the twist occurs in or 
near the pelvis. 

\s Altemeier ‘ maintains, “a lack of prostration and severe constitutional symp 
toms in the vast majority of cases reported, is an index to aid in differentiation 
between acute appendicitis with perforation and abscess. On the other hand, a twist 
of the entire omentum might very well be attended with a degree of shock.” 

In analyzing the cases here presented, the signs and symptoms pointed to an 
acute appendicitis, and in five of the six cases the diagnosis of acute appendicitis was 
made. In the sixth case the possibility of an omental twist was considered. This 
was based upon the mobility of the mass and our interest in omental torsion. All 
six cases were in men between the ages of 32 to 43. In four cases the onset was 
acute, varying from a few to 24 hours. In two the acuteness of the condition came 
on in from three to four days. Two had previous attacks. In four cases the maxi 
mum primary pain was in the right lower abdominal quadrant ; in one it was gener- 
alized, and in another it was in the right groin, though within a short time it 
located itself in the right lower quadrant. Nausea was present in four cases, vomiting 
in one. Slight tenderness and slight muscular rigidity in the right lower abdominal 
quadrant was noted in all of the six cases. Two fixed masses and one movable mass 
were palpated in three cases. The temperature in all patients never exceeded 100 F., 
while the pulse was but slightly elevated. Leucocyte counts varied from 13,600 to 
15,000. It was interesting to note that three out of the six cases gave a very definite 


history of attacks following a heavy meal or a drinking bout. 


From the aforementioned facts, it may be seen how difficult, perhaps impossible, 


it is to form a definite preoperative diagnosis of omental torsion 

Symptoms are usually pain, nausea, vomiting, and moderate fever, and are usu 
ally directed to the right lower quadrant. A typical picture is that of an obese, robust, 
or well-nourished man in middle life who suddenly, perhaps after severe physical 
strain, muscular effort, or heavy eating or drinking, begins to have colicky, crampy 
pain in his right lower abdomen. The pain becomes very severe, sometimes pros 
trating in character. During the next 24 to 48 hours the patient’s condition 
grows progressively worse, with a rising temperature, nausea, vomiting, and accel 
erated pulse rate. Abdominal examination discloses tenderness and spasm on the 
right side. A large, tender, somewhat indefinite mass, often rather mobile, can be 
felt in the right lower quadrant. Blood cell counts may or may not show a moderate 
leucocytosis. 

Since there is danger of overlooking a strangulated omentum because of edema 
and hyperemia of the neighboring viscera, early operation is indicated and should 
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usually permit exploration of the entire abdomen. When congestion of the appendix 
or other viscera is not sufficient to explain the physical and laboratory observations, 
further exploration of the abdomen should be made at operation. 

The omentum should be resected, even if it is possible to untwist it, unless there 
is some general contraindication. The blood vessels should be ligated by transfixion 
because of the danger of hemorrhage ; the edges should be carefully sutured. When 
the pedicle is found at the base of the omentum, one should carefully avoid inter- 
ference with the blood supply of the colon. Careful examination of the omentum 


during every abdominal operation should be carried out, especially in obese patients 


When there is a tendency to formation of a pedicle, it should be resected, and any 
omental bands should be severed as prophylaxis against torsion or intestinal obstruc- 
tion. After an abdominal operation, the omentum should be carefully spread out, 
rather than bunched up in a ball. 

The prognosis is very good so long as complications do not occur. Deaths have 
been reported from pneumonia, infections of the gangrenous omental mass, intestinal 
obstructions, and pulmonary embolism. 

In this report six cases of primary omental torsion are analyzed; five of them 
are of the complete type, and one of the incomplete, recurrent variety. 


REPORT OF CASES 


Case 1.—I. H., a white, very corpulent man, 39 years old, entered the hospital with the 
presenting symptom of severe pain in the lower part of the right abdomen which radiated across 
the abdomen to the left side. The pain, which had started two days before admission, was only 
of a minor degree, but it had gradually increased in intensity. It was constant and never colicky 
There had been two severe attacks of vomiting prior to admission. There was no previous history 
of any similar episode or previous indigestion, nor was there any history of strenuous exercise or 
trauma. 

Physical examination showed a very stout patient lying in bed in apparently acute diffuse 
abdominal pain. There was marked tenderness and slight rigidity in the right lower abdominal 
quadrant. A fairly movable mass, rather soft, quite regular in outline, and the size of a large 
lemon was felt in the right lower abdomen. 

Temperature, 100 F.; pulse rate, 90; respiratory rate, 20. 

Operative Findings.—There was a slight amount of blood-stained free intra-abdominal fluid 
The mass was found to be a large portion of the omentum which had twisted on itself twice and 
had no attachment to its distal portion. The mass itself was the size of a large navel orange, red- 
black in color, and undergoing necrosis. The appendix was normal, and no other pathology was 
found intra-abdominally. Resection was performed, and the patient recovered. 

Preoperative Diagnosis.—Acute appendicitis with abscess, possibly torsion of the omentun 

Operative Diagnosis.—Torsion of the omentum. 

Case 2.—J. T., a white man, 38 years old, entered the hospital with the chief complaint of 
general abdominal pain of one day’s duration. The patient stated that early in the morning of the 
day of admission he was awakened from his sleep with a rather dull pain in the lower right 
abdominal quadrant. The pain was localized, but gradually extended upward and laterally and 
gradually increased in intensity. It was always of a steady nature, never cramp-like. 

There was no past history of previous bouts of a similar nature, nor had there been any 


‘ 


history of former “acute indigestion.” There was nausea but no vomiting. 

Temperature, 99 F.; pulse rate, 80; respiratory rate, 20. 

Leucocytes, 13,600. 

Unfortunately, no notation was made on the hospital chart as to physical findings. 

Operative Findings.—A huge dark-purple mass, with marked dilatation of the veins and with 
scattered areas of necrosis, was noted in the right lower abdominal quadrant, verging toward 
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the midline. There was no attachment to its distal position and no adherence. The appendix was 


normal, and no other pathology was found. The mass represented a good portion of the omentum 
which had rotated three times on a fairly long pedicle. Resection was performed, and recovery 
nsued 

Preoperative Diagnosis ——Acute appendicitis 

Operative Diagnosis —Omental torsion 

Case 3.—G. W., a white 43-year-old man, upon admission to the hospital, stated that he had 
iad pain in the right lower abdomen of three days’ duration. The day before admission he had 
noticed a mass in the right lower abdominal quadrant. The onset of the acute pain had followed 
i heavy meal, though there was no nausea or vomiting 

Past history revealed frequent attacks of so-called “indigestion.” 

Physical examination showed a large and corpulent man in apparent distress. There was a 
marked tenderness and moderate rigidity over the right lower abdominal quadrant. A fairly 
fixed mass was felt over this area, though its contour could not be determined. Moderate tendet 
ness, but no rigidity, was noted over the remainder of the abdomen 

lemperature, 99.4 F.; pulse rate, 90; respiratory rate, 24 

Leucocytes, 16,000 

Operative Findings.—A small amount of free blood-stained fluid was found in peritoneal 
cavity. A mass about the size of an adult fist, hemorrhagic and dark-red in color, was noted in 
the right lower abdominal quadrant. This represented a large portion of the omentum which had 
twisted upon itself. No other pathology was found. The appendix was normal. The involved por 
tion of omentum was resected. On the eighth day following operation the patient had a small 
pulmonary embolism, which gradually cleared up. He recovered 

Preoperative Diagnosis—Acute appendicitis with abscess 

Operative Diagnosis ——Omental torsion 

Case 4.—C. M., a 32-year-old Negro man, entered the hospital on account of severe pains 
ver the entire abdomen, most pronounced in the right lower quadrant. The present illness fol 
lowed a severe drinking bout, during which there was a give-and-take fight. This occurred the 
night before admission to the hospital. 

Physical examination showed a large, corpulent Negro, weighing about 200 Ib. (90.7 kg.) 
He had rapid, thoracic-type breathing, and on inspection his abdomen appeared to be more or 
ess splinted and asymmetrically distended. No veins were noted. There was moderate spasticity 
f the abdominal muscles, most pronounced over the right lower quadrant toward the umbilicus 
\ slightly irregular mass, about the size of an adult fist, somewhat irregular, rather soft and 
slightly movable, was noted in the right lower abdominal quadrant. There was no tenderness 
ver the mass 

Temperature, 99.4 F.; pulse rate, 108; respiratory rate, 32; blood pressure, 132/78 

The urine showed a large amount of albumin and an occasional granular cast. 

Leucocytes, 12,500 

\ flat x-ray plate showed nothing unusual 

Operative Findings.—The omentum was bluish-black. The entire omentum was on a pedicle 
vhich had been twisted five times. Large thrombi and tremendous engorgement of the omental 
veins were noted. There was no adherence to the distal portion. The entire omentum was resected, 
ind the patient recovered 

Preoperative Diagnosis \cute appendicitis (probably ruptured). 

Operate Diagnosis.—Torsion of the great omentum. 

Case 5.—G. B., a white man, 36 years old, was admitted to the hospital with the presenting 
symptom of acute pain in the right lower abdomen. His present illness began 24 hours before 
idmission, with acute pain, suddenly appearing and accompanied by nausea and vomiting 

Examination showed a well-developed, corpulent man lying in the dorsal position, with knees 
flexed and in acute pain. Slight tenderness and rigidity were noted over the whole abdomen, but 
were most marked in the right lower quadrant. A sensitive, nonmobile mass, about the size of a 


sartlett pear, was felt directly over the appendiceal region 
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Operative Findings —A moderate amount of blood-stained fluid was found in the peritoneal 
cavity. The distal portion of the omentum was twisted upon itself three times and was normal, 
and no other pathology was noted. 

Preoperative Diagnosis —Acute appendicitis. 

Operative Diagnosis.—Omental torsion. 

Case 6.—L. J., a 43-year-old white man, upon admission gave the history that in the early 
morning, after eating breakfast, he was suddenly seized with intense abdominal pain. This first 
started low down in the right groin and later became most pronounced over the right lower 
quadrant, radiating to the right kidney region. There was no vomiting, though some nausea. 

The patient stated that two years before admission he had had the same type of pain, but less 
intense, which disappeared within an hour. 

Upon admission to the hospital, the patient was suffering from intermittent attacks of pain 
with tenderness and slight rigidity, most pronounced over the right lower quadrant and extending 


to the umbilicus. No mass was palpable, although tenderness in the right cul de sac was noted 


on rectal examination. 

Temperature, 98.4 F.; pulse rate, 88; respiratory rate, 26. 

Operative Findings.—Free straw-colored fluid was present in the peritoneal cavity. A large 
portion of the omentum, extending into the pelvis, had twisted itself to such an extent that the 
involved part of the omentum had assumed a dark-red color, but there was no evidence of 
gangrene; there was no adherence in its distal portion. No other intra-abdominal pathology was 
found. Resection of the omentum was performed. All viscera were apparently normal, and the 
patient recovered. 

Preoperative Diagnosis.—Acute appendicitis. 


Operative Diagnosis.—Torsion of the omentum. 


CONCLUSIONS 


The normal environment and anatomic arrangement of the great omentum is 
such as to favor rotation of this structure about its long axis, while the introduction 
of certain mechanical conditions supply the immediate exciting cause for primary 
torsions. 

A simple classification of omental torsions is presented. 

Recurrent, chronic, incomplete torsion occurs because of a variation in the 
intensity or degree of rotation. 

Most primary omental torsions are on the right side. 

The symptomatology is not typical and is most often confused with appendicitis. 

karly operation with resection is indicated. Prophylactically, at any abdominal 
operation the omentum should be spread out, and any fixation of the structure 
sought. 

It should be a surgical dictum that whenever the abdomen is explored in an 
acute emergency and the expected pathologic process is not found, the omentum 
should be thoroughly explored. 
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ASCENDING THROMBOSIS OF ABDOMINAL AORTA AS FATAL 
COMPLICATION OF LERICHE’S SYNDROME 


JOSEPH K. JOHNSON, M.D. 
GALVESTON, TEXAS 


HROMBOSIS of the abdominal aorta with gradual complete occlusion of one 

or both common iliac arteries undoubtedly occurs more frequently than is com- 
monly realized. In an autopsy series from the Metropolitan State Hospital (for 
the insane) in Massachusetts, there were 13 instances in a series of 382 consecutive 
cases.’ This is an unusually high incidence, and a more typical experience is reported 
from the Cleveland City Hospital, where there were nine cases in the autopsy 
material from 1930 to 1939." Although in a few instances the thrombosis was 
thought to be secondary to such conditions as polycythaemia vera and Buerger’s 
disease,* the majority of reported cases have resulted from ulceration of atheroma 
tous deposits at the bifurcation of the aorta. 

Until recent years, most instances of primary aortic thrombosis were undiag 
nosed clinically. Leriche, in 1940, published an account of a case treated by resec 
tion of the aortic bifurcation in which the clinical syndrome which bears his name 
was Clearly established.* Occlusion of the distal portion of the abdominal aorta by 
an embolus is a sudden and dramatic complication which is seen not uncommonly 
in mitral stenosis and auricular fibrillation. Unless prompt embolectomy is per 
formed, death usually results from shock and gangrene.® Such an event is in 
distinct contrast to the insidious onset and seemingly paradoxical clinical findings 
in Leriche’s syndrome. This fact has led to much confusion, and even today the 
diagnosis is made infrequently, and often too late for the patient to benefit from 
adequate surgical treatment.® 

In Leriche’s syndrome the occlusion characteristically begins in early middle age 
and is commoner in men. Early symptoms include fatigability of the lower extrem 
ities and loss of ability to achieve or maintain an erection. Vague lower abdominal 
pain and intermittent claudication involving the gluteal region, as well as the thighs 
and calves, are common complaints.’ In long-standing cases there is global atrophy 


of the musculature of the lower extremities. At rest there is normal color and 


skin temperature in the feet and legs, but arterial pulsations are generally absent 


Loss of sexual function, pain radiating downward from the hips, and muscular 
atrophy often suggest a neurological disease.* Normal color and skin temperature 
and the absence of gangrene or trophic changes further obscure the vascular nature 
of the condition. 

These clinical manifestations are explained by the fact that fairly good collateral 
circulation develops, with the gradual obliteration of the aortic bifurcation. When 


the thrombosis is below the level of the inferior mesenteric artery, anastomoses 


TT 
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between the superior lumbar and epigastric arteries and branches of the circumflex 
iliac, inferior epigastric, and iliolumbar arteries develop a considerable caliber.‘ 
Although this circulation is adequate to prevent gangrene, blood pressure and 


pulsations are usually not detectable. Blanching and coldness promptly follow 


elevation of the extremities. Diagnosis, at this point, can be readily made on the 
basis of a careful physical examination. Confirmation is obtained by relatively 
simple techniques of percutaneous aortography. It is extremely important that the 
correct diagnosis be made in every case and that it be made early enough to offer 
the patient a chance of being saved by modern surgical procedures. 

Although the thrombosis may be confined to the region of the bifurcation for 
many months, it tends to extend slowly. Usually the extension is downward, and 
when the point is reached where entrance of the collateral flow is blocked gangrene 
will occur. Because of the general circulatory insufficiency, healing is greatly 
impaired and amputation is usually attended by nonhealing of the stump. Not 
infrequently after amputation, death may result from shock or sepsis. Upward 
extension of the thrombosis is less common and generally proceeds more slowly. 
Blockage of the inferior mesenteric artery seldom results in any serious consequences, 
and in a few cases the thrombus has extended to occlude one renal artery without 
causing death.* A number of cases have been reported in which extension of the 
thrombus occluded both renal arteries and death from uremia followed.¢ In at 
least four of these cases seen at autopsy,t the thrombus had occluded the orifice of 
the superior mesenteric artery, resulting in gangrene of the intestine. No reference 
was found to any case in which occlusion of the celiac artery had occurred. In the 
case to be described here the thrombosis extended to a level above the celiac axis. 


resulting in massive infarction of the abdominal viscera. 


REPORT OF A CASE 


L. K. R., a 49-year-old white male clerk, first noted pain in his hips and legs during the latter 
part of 1950. The pain was not severe and was relieved by rest. He also noted gradual loss of 
potency. He was hospitalized on Jan. 8, 1951, because of pain associated with numbness and 
tingling in the feet and legs. Elevation of the extremities increased the pain and produced blanch 
ing and coldness. This was complicated by an episode of thrombophlebitis, which cleared up after 
administration of antibiotics. Superficial ulceration around the ankles gradually healed, and he 
was discharged. Muscle biopsy at this time revealed thrombosis of arterioles and veins. Throm 
bosis of the abdominal aorta was not suspected. 

His condition remained essentially unchanged for the next two and a half years. He then began 
to experience increased pain in the lower extremities, and the ulceration around the ankles 
recurred. At this time he also complained of severe lower abdominal pain accompanied by vomit 
ing and distention, which lasted about three days. He was hospitalized on Oct. 18, 1953. 

Physical examination revealed a chronically ill white man about 52 years of age. Blood pres 
sure averaged 120/80 in the upper extremities, and no abnormality was noted in the heart or 
lungs. Significant findings included small telangiectasis over the abdomen and lower chest, 
diffuse, symmetrical atrophy of both lower extremities, and a pale bluish discoloration extending 
to the knees. Small areas of dry gangrene were present on the toes of both feet. Both lower 
extremities were cold, and no arterial pulsation could be felt. The abdomen was moderately 
distended and diffusely tender, though active, normal peristalsis was heard 


* References 1 and 9. 
+t References 1, 2, 9, 10, and 11 
t References 1, 10, and 11. 
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Laboratory data on admission included the following: hemoglobin, 13.0 gm 


per 100 ce 
WBC, 16,000; differential count, 77% 


polymorphonuclear neutrophiles, 11% stab forms, 9% 
lymphocytes, and 3% monocytes. Urinalysis revealed a specific gravity of 1.008; 2 + albumin; 
acetone, a trace, and 5 pus cells per high-power field. The nonprotein nitrogen was 24 mg. per 


100 cc.; the COv-combining power was 40.0 vol. %, and the blood chlorides were 376 mg. per 
100 cc. of blood. The serological test for syphilis was negative. 


Three days after admission right midthigh and left below-the-knee amputations were done 
The stumps did not heal, and it was later necessary to do bilateral high amputation 


Two weeks 
after admission, he had another episode of 


acute abdominal pain with a small hematemesis 
Distention and diffuse abdominal tenderness were present 
but these symptoms gradually subsided. At this time he 


gradually increased in size 


followed later by a few tarry stools 


had developed a sacral ulcer, which 
The amputation wounds did not heal and required constant attention 





Abdominal aorta and common 


iliac arteries. Note the various 
progressions of the thrombosis. The 


levels indicating successive 
kidneys show extensive 


infarction and distortion 


Bilateral lumbar sympathectomy was performed, but there was little evidence of improvement 


and the wounds showed no tendency to heal. On March 2, 1954, nearly five months after 


sion, abdominal pain, distention, fever, and leucocytosis recurred, and he 
nonprotein nitrogen rose to 102.3 mg. per 100 c« 

lutopsy Report The 
thigh amputation of the 


admis 
became anuric. The 
of blood, and he died two days later 

essential gross findings were as follows: There was bilateral high 
lower extremities, with raw, 


ilcerating stumps 
26 cm. in diameter was present 


over the sacrum and buttocks. The 


bronchopneumonia. The heart showed 


\ deep, ragged ulcer 

lungs showed mild senile 
emphysema and very early areas of focal myocardial 
fibrosis, and a recent infarct was present in the anterior apical portion of the left ventricle. The 


descending branch of the right coronary artery was occluded in its distal one-third by an organ 
izing thrombus 


The aorta showed moderate atheromatous changes, which were more marked in the arch and 
descending portion than in the ascending portion. The abdominal aorta contained a huge organized 
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thrombus which appeared to be divided into several different levels (Figure). The oldest portion 
of the thrombus was at the level of the bifurcation, where it was intimately attached to the walls 
of the aorta and common iliac arteries. The thrombosis extended into both internal and external 
iliac arteries and into both femoral arteries. The more recently formed thrombus extended 
upward to a level 1.5 cm. above the celiac artery. Both renal arteries and the superior and 
inferior mesenteric arteries were occluded throughout their length by thrombus. The celiac 
artery was occluded by a recent thrombus, which extended the full length of the splenic artery 
and up the hepatic artery to a point above the origin of the cystic artery. The portal vein and 
inferior vena cava were explored and found to be normal. 

The entire alimentary tract, from the cardia of the stomach to the peritoneal reflection of the 
rectum, was of dark, purplish-red color, with small ecchymotic areas and a fibrinopurulent exudate 
covering the peritoneal surfaces. The entire bowel was distended by dark, brownish-red fluid and 
a moderate amount of air. The liver, weighing 1,800 gm., was soft and reddish-brown in color, 
with rather poorly defined edges. There were several large, pale areas of infarction in the 
anterior portion of the right lobe, which already showed early cystic degeneration. The gall 
bladder was very dark, friable, and necrotic, with a large perforation and abscess between the 
apex and the transverse colon. No stones were present. The spleen weighed 680 gm. and was 
bound down by dense adhesions to surrounding structures. It consisted of a dense fibrous shell 
containing liquid to semisolid brownish-red pulp. 

The right kidney weighed 210 gm. and the left kidney 110 gm. Both kidneys had a shrunken, 
misshapen appearance. The capsule was friable and tightly adherent. The cut surface of the 
kidneys showed mottled areas of necrosis and hemorrhage (Figure). Both ureters were patent, 
and the bladder and urethra were essentially normal. There was a moderate degree of nodular 
hyperplasia in the prostate. The testes were atrophic. 

The endocrine system was not remarkable, except for small areas of hemorrhagic infarction 
in the adrenals. 

The brain showed only mild arteriosclerosis of the vessels in the circle of Willis 

Microscopic examination of the heart revealed focal myocardial fibrosis and recent myocardial 
infarction with a mural thrombus. Microscopic examination of the lungs revealed early, well- 
marked bronchopneumonia. The sections of liver and spleen showed chiefly areas of necrosis and 
liquefaction. The kidneys showed hyaline degeneration of most of the parenchyma with areas of 
hemorrhage and necrosis. Sections of gall bladder and bowel showed chiefly necrosis and hemor- 
rhage with mucosal ulceration and a fibrinous inflammatory reaction on the serosal surfaces. 


COM MENT 


The remarkable feature of this case is the fact that this man lived for three and 


a half years with thrombosis of the terminal aorta, surviving several episodes of 


mesenteric thrombosis, focal myocardial infarction, and several major operative 


procedures. Death finally occurred from massive infarction of the kidneys, liver, 
spleen, and bowel, with peritonitis from a rupture of the gangrenous gall bladder. 


The principles of modern surgical treatment of thrombosis of the aortic bifurca- 
tion are twofold: (1) to aid in opening up collateral circulation by early, bilateral 
sympathectomy,§ and (2) elimination of the thrombus or actual resection of the 
thrombosed vessels. In a few instances, simple aortotomy with removal of the 
thrombus has resulted in immediate restoration of the arterial pulsations in the 
lower extremities and apparent cure.’* Unfortunately, this can rarely be accom- 
plished if the thrombus has been present for any appreciable time. Often the distal 
portion of the aorta is so markedly involved by ulcerating atheromatous areas that 


reformation of the thrombus can be expected to occur quickly. 
A 


§ References 12 and 13 
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Leriche concluded, on the basis of experimental work with dogs, that resection 
of the bifurcation and replacement by a homograft was possible, and he successfully 
performed the operation on a 61-year-old man in 1939. Since then the operation 
has been performed a number of times Resectability generally depends upon the 
condition of the aorta above the level of thrombosis. If it is extensively involved 
by large atheromatous plaques, resection and grafting may be impossible. Preserva 
tion of the inferior mesenteric artery is apparently of no importance, and resection 


can be carried out at any level up to the renal arteries. 


SUMMARY 


The signs and symptoms of Leriche’s syndrome have been briefly discussed 
and an unusual case of primary thrombosis of the abdominal aorta of three and a 
half years’ duration, with progressive upward and downward extension of the 
thrombus, is presented. It is probable that constant awareness of the possible 
occurrence of this condition will lead to more frequent and earlier diagnosis. The 
outlook in untreated or inadequately treated cases is exceedingly grave. Only early 
and adequate surgical intervention offers any hope for saving these patients. 

a 


|| References 15 through 21 
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FIBROSARCOMA OF ANTERIOR ABDOMINAL WALL 


Replacement of Massive Defect of Entire Abdominal Wall with Tantalum Gauze 
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Fotopage’ huge malignant tumors involving a large area of the abdom 
inal wall, are of such size as to discourage the attempt at complete excision, with 
the attendant probability of cure. Furthermore, the ensuing difficulty of replacing a 
massive abdominal defect is not without the danger of subsequent hernia formation 

It is well known that “there are two types of invasive connective tissue tumors 
which may arrive primarily in the abdominal wall:—the desmoid tumor and _ the 


fibrosarcoma.” 

Objective physical examination cannot establish the diagnosis of these tumors 
Even at operation, frozen section will leave a degree of uncertainty in the surgeon’s 
as well as in the pathologist’s, mind unless invasion or infiltration can be demon 
strated. Both types of tumor present firm, usually rounded, circumscribed masses 
Che differential diagnosis must include benign mesodermal tumors in the abdominal 
parietes, such as lipoma, fibroma, myxoma, neurofibroma, rhabomyoma, lymphangi 
oma, and hemangioma. Metastatic carcinoma and direct extensions from malignant 
intra-abdominal tumors must also be ruled out. 

As for the differential diagnosis of benign mesodermal tumors in the abdominal! 
parietes, the commonest is the lipoma, a soft tumor. The fibroma and the myxoma 
are rare, while neither the chondroma nor the osteoma would arise in the abdominal 
wall, except under most unusual circumstances. The neurofibroma may occur within 
the wall, although more commonly it is cutaneous. The rhabdomyoma, consisting of 
striated muscle, rarely occurs in voluntary muscles. Endothelial tumors, such as the 
hemangioma and the lymphangioma, are not uncommon in the abdominal parietes 
but they are usually soft, with irregular outline. A number of malignant tumors 
including the various types of sarcoma, the metastatic carcinoma, and the direct 
extension from a malignant intra-abdominal or cutaneous neoplasm, might enter int 
differential diagnoses. Lymph node tumors may be mistaken for fibrous tumors 
particularly in the inguinal region. The desmoid is of surgical interest chiefly 
because of its tendency to recur after removal and its resemblance to fibrosarcom: 
in this and several other respects. It is an uncommon tumor. Between 80 and 90% 
of desmoids occur in women, and about 80% of these women have borne one or 


more children. Most of the tumors occur in the third or fourth decade. It has been 


suggested that the causative mechanism in pregnancy is trauma at the time of labor 


when, during the contractions of the abdominal musculature, the sheath of the 
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rectus muscle or fascia of other abdominal muscles may be ruptured. This injury 
may set up a stimulus for regrowth, favoring tumor formation at the site. There 
must be a certain predisposition on the part of the patient to this neoplastic growth. 

Desmoids, characteristically, arise from musculofascial structures and invade 
striated muscles as they grow. The rectus muscle is most frequently involved. 
Invasion or infiltration of neighboring striated muscle is the important finding, 
pathologically. It underlies the clinical feature of regular recurrence unless a wide 
zone of adjacent tissue has been excised with the tumor. In this respect desmoids 
resemble fibrosarcomata. With desmoids, the regional lymph nodes can be ignored, 
since lymphatic extension has never been reported. Excision must be radical, includ- 
ing a broad zone of the surrounding tissue, for desmoids recur with monotonous 
regularity if excised conservatively. 

The response of desmoid tumors to irradiation may be due to suppression of 
ovarian function by the radiation. It is a curious observation that a large percentage 
of desmoids satisfactorily respond to radiation therapy. The simple fibroma or the 
desmoid tumor does not undergo malignant degeneration into a_ fibrosarcoma, 
although there is on record one case. In the April, 1929 issue of the Annals of 
Surgery, Joseph Donald and Harold Caylor’ report the case of a fibrosarcoma 
developing in a desmoid, 

Fibrosarcomata are prone to recur unless excision is radical. The rate of growth 
roughly depends on the cellularity of the particular tumor, although not necessarily 
so. Regional lymphatic metastases occur in 5 to 10%, but usually metastases are of 
the distant blood-borne type. Fibrosarcoma may arise from the skin but more 
usually from subcutaneous or musculofascial structures. Five to 6% arise in the 
abdominal wall. They are uncommon and may be seen at any age and in either sex. 
Although some writers believe their origin to be related to trauma, their etiology is 
unknown. Grossly, fibrosarcomata are rounded or nodular and seem to be sharply 
differentiated from surrounding tissues. Some are highly cellular and vascular 
and may contain areas of hemorrhage, mucoid degeneration, or cyst formation. The 
last type of tumor is softer. Fibrosarcomata are prone to recur locally, like the 
desmoids. Excision must be very radical to avoid recurrence, 

Many fibrosarcomata are encapsulated, but the capsule is usually adherent to 
adjacent structures. When tumor cells have penetrated the capsule, particularly at 
these points of attachment, the tumors expand and invade, often becoming attached 
to bone. The overlying skin may lose its blood supply, become involved, and ulcerate. 
Microscopically, the fibrosarcomata vary from the very cellular anaplastic types, 
with giant cells and areas of hemorrhage and degeneration, to fibrogenic tumors 
that are difficult to differentiate from fibromas. Microscopic diagnosis may be very 
difficult in the permanent section. Like desmoids, the fibrosarcomata are relatively 
asymptomatic. Those which develop slowly appear to give the better prognosis. 
Repeated local recurrence is the rule unless excision is radical. Because fibrosarco- 
mata are located near body surfaces and since they may grow slowly by expansion 


and metastasize late, surgical removal is the procedure of choice. Local recurrence 


appears to predispose to metastasis, and the survival rates progressively decrease 


with each operation for recurrence. The first surgical excision must be radical. 
Irradiation should not be used as a type of therapy. 
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\ctually, the treatment of fibrosarcoma is generally unsatisfactory.’ Wilson *° 
found “111 examples of this tumor among 80,000 surgical specimens at the Duke 
University Hospital. Thirty-three of the 111 patients had recurrent tumors and 33 
or 29.7 per cent were clinically cured.” 

Over 30% of all cases of fibrosarcoma develop in the skin or subcutaneous tis- 

sues, where they are likely to be discovered still small or before they have metasta 
sized. Their usual slow growth makes them amenable to complete surgical extirpa 
tion. Complete extirpation is also favored by the fact that these tumors grow 
chiefly by expansion. They do not usually infiltrate. On the other hand, the strue 
ture of these tumors favors blood vessel invasion and, therefore, pulmonary metasta 
sis. Broders’? description of the stroma clearly indicates the reason for this 
He says: 
The supporting framework of stroma is composed of delicate fibers radiating from small vessels, 
many of which are extremely fragile and composed of a single layer of endothelium. Frequently, 
tumor cells come directly in contact with the blood current and occasionally line vascular spaces 
for a considerable distance 

The fact that 60 of 104 of Broders’ patients who died of fibrosarcoma had devel 
oped pulmonary involvement is therefore not surprising. 


8 


Warren and Sommer * concluded that local operation and recurrence increased 
the danger of metastasis. In their series of 34 patients with metastases, only 6 
resulted from primary tumors, while 28 occurred in patients with local recurrences 
The authors came to the conclusion that extensive local removal or amputation 
should be resorted to at once rather than risk the hazard of recurrence. 


“Shelling out” of these tumors is still too frequently employed. The very factors 


which make these tumors particularly suitable for wide excision are probably in con 


siderable measure responsible for the persistent use of inadequate surgical measures 
They are superficially located, well circumscribed, and often encapsulated. If local 
excision is done and the diagnosis of fibrosarcoma is subsequently established, those 
tissues in the area from which the tumor has been removed should be widely excised 
without waiting for the possibility of local recurrence. 

Furthermore, Warren ** states that more than 50% of the recurrences of these 
tumors develop within the first year. When fibrosarcoma arises in an extremity, 
amputation may or may not be indicated. Radical excision should be carried out in 
extensive recurrent tumors if there are no demonstrable distant metastases 

Resection of regional lymph nodes seems hardly justifiable, since the nodes are 
involved in only about 5% of the cases. Of course, they should be resected if they 
are enlarged or if there is suspicion of involvement. 

The relatively benign appearance and behavior of many early primary tumors 
generally mislead the surgeon to undertake conservative procedures, which are 
inadequate. As a result, the five-year-cure rate is low, 20% or less, instead of high, 
as would theoretically be expected of a tumor which is generally slow-growing, of 
low-degree malignancy, usually accessible, and detectable at a moderately early 
stage. The majority of fibrosarcomata occur in extremities. Postoperative x-ray 
therapy, even in very large doses, will prevent only a small percentage of recur 
rences.'® 
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In the group of 60 cases reported by Heller and Sieber,’ the development of 
malignancy in a preexisting benign tumor was the most significant etiological factor 
Of 21 patients subjected to surgical excision in this group, 11 are known to have 
developed recurrences, and all recurrences occurred within a year of excision of the 
primary growth. 

The correlation between the histologic grading of the tumor and the clinical 


course is at best only generally helpful, and no close parallel can be detected. “Th 


Fig. 1—Preoperative drawing, demonstrat- Fig. 2.—Location and extent of tumor in ab 
ing the tumor mass in the right lower quad- dominal wall and incision made to circum- 
rant of the anterior abdominal wall. scribe tumor; extent of abdominal wall re 

moved is shown, 


histologic grading reflects the rate of tumor growth, but it cannot be applied in the 
individual case as an accurate prognostic index.”'” 
The following case report serves two purposes: (1) to demonstrate that a1 


extremely large malignant abdominal-wall tumor, such as fibrosarcoma, can be 


completely and successfully excised, and (2) to show that repair of the huge result 


ing defect with tantalum gauze can be maintained in place in spite of subsequent 
gross sepsis and with no evidence of ultimate herniation. 


672 











BROSARCOMA—ANTERIOR ABDOMINAL WALI 




























REPORT OF A CASE 


Miss C. W., a 40-year-old Negro house worker, was admitted to the Mount Sinai Hospital 
yt Greater Miami, Fla., on July 31, 1951, because of a lower right quadrant abdominal tumor 
hich had been present for more than a year. 

Nine months prior to the patient’s admission, the tumor mass was as large as an egg but 
gradually increased in size to that of a large grapefruit. Biopsy performed on this mass twe 
veeks previously revealed it to be a grade I to grade II fibrosarcoma. The patient was admitted 
to the hospital to have the mass excised 

History.—In 1947 subtotal hysterectomy had been performed for removal of a fibroid uterus 
here was no history of familial tendencies toward cancer. Systemic history revealed no associ 
ative cardiorespiratory symptoms and no gastrointestinal disturbances or genitourinary com 
plaints. There was no loss of weight or strength 

Physical examination showed a well-developed, well-nourished, obese, middle-aged Negri 
voman. She was 6 ft. 2 in. (187.9 cm.) tall and weighed 207 Ibs. (94 kg.). A large, hard 





Fig. 3.—Sagittal section demonstrating sarcomatous mass filling pelvis and causing thinning 
if anterior abdominal wall 


rounded mass, about the size of a large grapefruit, was situated in the right lower quadrant 

extending into and following the direction of the right inguinal fold. This mass measured 
. approximately 18 cm. in length and 14 cm. in diameter, and palpation revealed it to have a deptl 
f about 12 cm. 

It was impossible to palpate under the mass, as it seemed to be intimately attached to the 
inderlying tissue, and it was immobile. The liver, spleen, and kidney were not palpable. The 
mass appeared to be incorporated entirely within the anterior abdominal wall, and its inferior 
surface rested on the bony pelvis. Pelvic and rectal examinations confirmed the opinion that the 
tumor mass was part of the abdominal wall and that the pelvic cavity was free of other masses 
The remainder of the physical examination was essentially negative for abnormal findings 

X-ray study of the chest, colon, and lumbosacral spine, as well as retrograde pyelogram, 
tailed to reveal any pathology 

The bony pelvis showed no evidence of attachment or infiltration of the mass in the pubic 
ramus. The blood cell count showed moderate secondary anemia, and the urine was free of 
abnormalities. The nonprotein nitrogen and blood serum protein were within normal limits 
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Operation.—On Aug. 9, 1951, operation was performed. Prior to surgery a No. 5 urethral 
catheter was inserted into the right ureter. An indwelling Foley-bag catheter was placed in the 
bladder. Right radical groin dissection was done first, approaching the tumor from below upward. 
The tumor was found to involve the entire thickness of the lower right abdominal wall, includ- 
ing all the muscular and fascial layers. It extended just beyond the inguinal ligament, rested on 
the right pubic ramus, and was attached to the periosteum of the symphysis pubis. 

Medially, the tumor extended just beyond the midline, involving the distal half of the right 
rectus muscle and sheath. The inguinal ligament was freed and excised with the tumor. The 
symphysis pubis was cleaned of its periosteum, which was allowed to remain with the tumor. 


The ramus of the pubis was cleared, as were the external iliac vessels 
] 


Fig. 4.—Defect in abdominal wall along Fig. 5.—Replacement of abdominal wall de 
with defect of upper thigh following radical fect by large sheet of tantalum mesh. A, tanta 
groin dissection, Inguinal ligament has been lum gauze (or) mesh in place; B, sartorius 
removed with tumor and involved abdominal muscle over femoral vessels 
wall musculature. Peritoneum is shown ex- 
posed, A, peritoneum covering bowel; B, rem- 
nant of inguinal ligament; C, fascia lata; D, 
femoral vessels 


The tumor mass was completely excised with adequate margins of apparently normal sut 
rounding tissue except for that portion of the tumor that was impinging on bone. Removal of 
the tumor necessitated the excision of the lower halves of the external oblique, the internal 
oblique, and the transversus abdominis muscle on the right side, as well as the distal half of the 
right rectus muscle. The peritoneum was bared, and retroperitoneal inspection revealed no evi 


dence of metastatic invasion (Fig. 3). The abdominal wall defect was then repaired by suturing a 


large piece of tantalum mesh, approximately 18 by 20 cm., over the peritoneum to the surrounding 


fascial layers above the aponeurosis of the external oblique, laterally to the lumbodorsal fascia, 
inferiorly to the fascia lata, and medially to the rectus sheath, Cooper’s ligament, and the peri- 


osteum of the symphysis pubis. The sartorius muscle was mobilized and sutured over the 
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femoral vessels to afford them adequate protection. In this manner, it was possible to close the 
entire defect. After this procedure, the skin and subcutaneous tissue on all sides of the abdominal 
wall defect were widely mobilized, and under slight tension, it was possible to cover completely 
the tantalum mesh. Because of the tension of the wound, multiple small relaxing incisions were 





Photograph A.—Pathologic specimen consisting of a tumor mass surrounded on all sides by 
muscle tissue. Dimensions are 25 « 13 « 12 cm. In the center is a well encapsulated, semifirm, 
yellow-gray nodular mass, 14 « 9.5 & 8 cm., with a smooth, glistening, bulging cut surface 


WOE, Spit 


Photograph B.—Microscopic examination showed fibrosarcoma of grade I to grade II activity 


made in each flap in those areas where there was obvious impairment of circulation. The wound 
was drained by means of a soft rubber tube (Penrose drain) at the lower angle of the incision 

The postoperative course was norma wo weeks, when up hird « } vound 
separated, exposing the underlying tantalu ies] secau ) pyocyaneus wound infection 
the upper two-thirds of the wound were op widely, and was obs 1 th o of the 
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mesh was covered with granulation tissue and appeared healthy. A culture from the wound 
infection disclosed an associated Staphylococcus aureus and Pseudomonas infection, and by 
sensitivity test, both organisms were sensitive to oxytetracycline (Terramycin). 

For the next 14 days, oxytetracycline powder mixed with powdered plasma in a proportion 
ft 1 to 4 gm. of plasma was sprinkled into the wound. At the end of this time, the wound 
ippeared free of infection and healthy enough to be considered ready for a split-thickness graft 


Photograph C.—Tantalum mesh in abdominal wall taken two months postoperatively. 


We 


Photograph D.—Tantalum mesh showing “fragmentation.” Abdominal wall firm with 
vidence of herniation. 


[here appeared at this time to be no exposure of the mesh. A split-thickness graft, approxi 
mately 0.016 in. (0.4 mm.) in thickness, was taken from the left anterior thigh and placed over 
the defect. The graft measured approximately 10 by 7.5 cm. However, the “take” was 


unsuccessful, and, subsequently, the exposed granulating area was epithelized with the aid of 
pinch grafts. 
The patient was discharged approximately three months after her hospital admission. At 


this time, she was able to flex the leg at the groin without discomfort, in spite of the fact that 
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mesh covered the region that had formerly been occupied by the inguinal ligament. The patient 
was able to resume her occupation within six months after her discharge, and, when last seer 
the abdominal wall in the area of the surgical defect was solid, without evidence of herniatior 
Chere appeared to be limitation of motion of the right lower extremity. On Oct. 8, 1951, post 
operative x-ray study of the abdomen showed a large sheath of tantalum mesh, measuring 
approximately 18 cm. square in the anterior abdominal wall of the right lower quadrant an 
extending down over the inguinal region (Photograph C). An x-ray four months later showes 
the typical “fragmentation” of the mesh described by Kootz 


Tantalum is a rare metal which causes no unfavorable reaction in tissues. The 
metal was first used surgically by Burch and Carney, of Vanderbilt University, and 
by Burke and Canada, although Burke had priority of publication. Burch an 
Carney were actually the first users of the metal and first employed it in the forn 
of plates and screws in orthopedic procedures.** 

The first use of tantalum gauze in hernial repair was made by Ferris * at the 
Mayo Clinic. 

The advantages of tantalum mesh are that it is strong, pliable, and biologically 
inert and that it forms a scaffolding or trellis for the ingrowth of sturdy white 
fibrous tissue for the firm closure of hernial defects, beginning as early as two weeks 
postoperatively. When a patient’s tissues are inadequate for the bridging of tissue 
defects, tantalum is of great advantage. 

When tantalum mesh is implanted in body tissues, a marked fibrous reactior 


results. This normal fibroblastic reaction produces soft pliable wound repair 


Furthermore, tantalum mesh can even be placed next to bowel without complica 


tions, except for a few mild adhesions. Tantalum mesh resists infection, so that 
good healing can be obtained after its implantation in spite of the presence of gross 


“ 


infection. Even in the presence of gross pus, sinus formation will not occur. “How 
ever, if silk or cotton is used in the presence of infection, a persistent sinus tract 
ensues. Contaminated wounds, therefore, should not be any objection to the use of 
tantalum gauze.’’*® 

One must remember that the piece of tantalum gauze should cover not only the 
hernial defect but also a sufficient surrounding area to provide a secure attachment 
for its periphery to strong fascial supportive structures. The margins of the patcl 
are folded under on all four sides for about 1 cm. in order to provide a smooth edge 
and a cuff of double thickness for retaining sutures. The suture material is a mono 
filament tantalum, which is generally preferable to braided tantalum, although 
braided tantalum is sometimes preferred to the monofilament wire because it does 
not tend to “cut through” so easily. The sutures are placed so as to fasten the bor 
ders of the tantalum mesh patch onto a strong supporting structure, either fascia or 
periosteum. The patch must be large enough to be sutured into place without 
tension. 

The x-ray appearance of tantalum mesh, early and late after operation, is note 
worthy. The “fragmentation” of tantalum mesh is usually noted in 9 to 12 months 
Tantalum sutures separate from their attachment to the mesh. This “breaking up’ 


, 


is due to the process of “work hardening” of the metal and appears to have no effect 


on the integrity of the repair or the solidity of the surrounding fibrous tissue. At 


licen 


* Ferris, D. O.: Personal communication to T. G. Throckmorton 
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this late date, of course, the repair is not due to the support offered by the mesh 
itself, but is entirely dependent on the fibrous tissue which has been grown up 
through and around the tantalum. 

Some authors, such as Chester Guy and his associates,'’ believe that it is advis- 
able to place one or two Penrose drains beneath the skin when the patient is 
extremely obese, when large pieces of the mesh are used, and when the fascial 
repair is poor. They noted a rather profuse serous drainage on several occasions, 
but it never lasted over 10 days. 

Tantalum mesh, or screen, is a nonchemical, nonirritating, fine metal screen 
that is fairly easy to work with. The resultant fine areolar connective tissue, infil- 
trating through the innumerable small holes in the mesh, eventually causes it to 
become an intrinsic part of the fascia, producing a very strong repair and support. 
It is especially recommended in large hernias difficult to repair because of thin, 
inadequate fascial tissue 

The use of metallic filigrees for reinforcing repairs of large hernias has been 
advocated from time to time. “The standard silver filigree, however, has the disad- 
vantage of being completely rigid and is not wholly suitable for insertion into the 
mobile parts of the trunk.’’® Tantalum gauze, on the other hand, which is woven 
from tantalum wire of a diameter of 0.075 mm. (in 50 by 50 mesh), is sufficiently 
pliable to adapt itself to the movements of the abdominal wall. Variation in tissue 
reaction provoked by this foreign material is great. Actually, the same material in 
the same animal may produce different reactions of tissue. 

When an attempt is made to dissect the gauze from the abdominal wall after prolonged implanta 


tion, it is evident that the connective tissue fasciculi have grown through the meshes of the 


gauze in much the same way as the threads of a piece of tapestry are woven though the canvas.!! 


In a large series of cases reported by Flynn, Brant, and Nelson,'* there were two 
patients who complained of moderate pain. In both patients the gauze was sutured 
closely to the pubis. 
Even in the use of tantalum gauze for repair of large hernial defects, the preoperative prepara 
tions of these patients must be very painstaking, and they should preferably lose some weight 
and come as close to their normal weight and height ratio as possible.** 
Material other than tantalum wire should not be used for suture for fear of a differ- 
ence in electrolytic potential. 

In operating on cases, tantalum mesh should be covered by skin that has enough subcutaneous 
tissue under it to prevent the palpation of the mesh through the skin.25 

There is no surgeon who can boast of 100% cure in all herniorrhaphies per 
formed, and recurrence will take place even with the use of tantalum gauze. 


SUMMARY 


\ case is reported in which a large abdominal wall defect resulting from excision 
of a huge fibrosarcoma was satisfactorily repaired with tantalum mesh, There has 


not been any evidence of recurrence two and one-half years postoperatively. 


Replacement of the entire thickness of the right lower quadrant of the anterior 
abdominal wall with tantalum mesh and a split-thickness skin graft was not followed 
by herniation, It is urged that radical surgery be used in treatment of fibrosarcoma 
regardless of the original size of the tumor. 
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STUDIES OF PLASMA AMYLASE IN ACUTE ALCOHOLISM 
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k' Mk MANY years clinicians and pathologists have recognized a distinct relation 
ship between the use of alcohol and the occurrence of pancreatitis.* The litera 
ture contains numerous reports of acute pancreatitis following ingestion of aicohol ; 


yet the exact nature of this association and the degree to which it exists are still 


unknown. This study represents an effort to explore further this association, dealing 


particularly with the concept that alcohol can cause pancreatitis of varying degrees 
of severity and that many of these episodes are unrecognized by the clinician. It 
seems logical that if acute pancreatitis occurs secondary to alcoholism, mild forms of 
pancreatitis due to alcohol might not be infrequent. This idea was proposed, and 
investigation was begun by Domalski and Wedge in 1948.* Since the disease in these 
patients is not clinically distinguishable from alcoholic gastritis, or is still in a sub 
clinical state, it follows that the diagnosis must be established on the basis of spec i fic 
studies such as the plasma amylase determination 


MATERIAL AND METHODS 


Fifty-one alcoholic patients from the emergency room of Jefferson Davis Hospital 
selected for study. These patients were selected only on the basis that they were severely 
intoxicated. Histories, under such circumstances, were invalid, but many were known to be 
derelicts and chronic, as well as acute, alcoholics. Physical findings were recorded. Venous blood 
was drawn at the time of admission. The plasma was immediately separated and placed in the 
leep freeze. The determination of the amylase concentration was by the technique outlined by 
Bray.? The normal range of activity has been described as between 15 and 40 units per 100 ml 
f plasma (mg. of glucose formed by hydrolysis of starch during incubation with plasma) 

In a series of 25 controls, the normal range was 15 to 50 units. Freezing has been shown t 


have no appreciable effect on the amylase activity.!? 


RESULTS 
The concentration of the plasma amylase activity of 51 patients is recorded in 
the accompanying Table. Although six patients had an amylase concentration higher 
than that of any of the normal subjects, only two patients had a striking elevation 
Of particular interest are the values for Patient 34 (Table). This patient was 
studied twice. When first seen, he had been drinking for more than a week; his 


serum amvlase concentration was 37 units. After leaving the emergency room, he 
ccsisiuiaaltintaaes 
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continued drinking, and when he returned three days later, he was bordering on a 
state of delirium tremens. On his second visit, the amylase concentration was 102 
units, an elevation typical of pancreatic injury. There were no physical findings to 
substantiate this. Patient 49 also revealed a striking elevation of the serum amylase 
to 135 units. He also failed to demonstrate any physical findings suggestive of pan- 


creatic disease, but these might have been masked by the anesthetic effects of alcohol. 


COMMENT 


An elevated serum amylase concentration is often considered a specific indication 


of pancreatic disease. This correlation is usually demonstrable, but the salivary 


Plasma Amylase Concentration in Acute Alcoholism 


Plasma Amylase Plasma Amylase 
Concentration Concentration 
(Units per (Units per 
100 Mi 100 Ml 
Patient Plasina)* Patient Plasma)* 
| f Bi ocvceves oe . 10.0 
15.7 
lo 
41.0 
13.0 
23.4 


* Expressed as milligrams per 100 ce. of glucose formed by the hydrolysis of starch during incubation 
with plasma.” 
glands also secrete amylase, and parotitis may be associated with an elevated serum 
amylase concentration. While it is not possible to make a diagnosis of pancreatitis 
on the basis of an elevated serum amylase concentration alone, these elevated values 
offer confirmation to clinical experience which suggests that a definite, acute injury 
to the pancreas has occurred. The amylase concentration, by this method, usually 
ranges between 65 and 150 units, during the first 24 to 48 hours in patients admitted 
with a diagnosis of acute pancreatitis. 

Myhre and Nesbitt '° studied the serum amylase concentration in normal persons 
after the ingestion of alcohol. The subjects in their series used alcohol only in mod- 
eration. Serum amylase determinations were done after the ingestion of alcohol by 


each of these persons, but no significant elevation in any of them was noted. 
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In a study of 36 chronic alcoholics who were in a state of acute alcoholism at 
the time of the study, Siegel and Krautman '' found no abnormal serum amylase 
concentration, They did note an increase in the urinary amylase in these patients. 
Domalski and Wedge * studied the serum amylase concentration in 50 alcoholic 
patients, using 50 nonalcoholics as controls. They reported a definite elevation in 
the enzyme concentration in 12 of their alcoholic patients. They felt that the results 
of the study represented some evidence of subclinical pancreatitis in alcoholics 

[his study therefore confirms and extends many clinical observations, as well 
as the observations of Domalski and Wedge; acute alcoholism may be associated 
with a marked increase in the concentration of plasma amylase and 1s believed to 
cause acute pancreatitis in varying degrees of severity, subclinical as well as clinical 

It is of interest to note that six patients had distinctly low amylase levels. All of 
these patients had sustained some form of trauma, which was the primary reason for 
their appearance at the emergency room. As noted previously, the plasma amylase 
concentration is often decreased for as long as three to five days after injury distant 
to the pancreas 

SUMMARY AND CONCLUSION 


Plasma amylase determinations were performed on 51 patients who were in a 


state of acute alcoholism. None of these patients presented any physical findings 


suggestive of pancreatitis. 
Six of these patients had a plasma amylase concentration which was higher than 
any of the 25 controls. Two patients had plasma concentration above 100 units 
This evidence suggests that alcoholics may have pancreatitis which is not clinic 
ally evident. It may be that these are the persons who, after the continued use of 


alcohol, develop the clinical syndrome of pancreatitis 
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CARCINOID TUMOR OF DUODENUM COMPLICATED 
BY CYCLIC VOMITING 


ROY E. BRACKIN, M.D. 
WINNETKA, ILL. 


"| SHE SUBMUCOSAL gastrointestinal carcinoids occur chiefly in the appendix 
and ileum, as reported by Gosset and Masson.’ They arise from argentaffine 
cells of the crypts of Lieberktthn, of the same origin (Masson *) as neurofibromata 
of the inflamed appendix, called “little carcinoma” by Lubarsch,* “carcinoid 
malignancy” by Oberndorfer,* and paragangliomata by Lewis and Ceschickter.' 
They are characterized by Humphreys® as “far from harmless” and classed as 


(srade 1 (Broders) adenocarcinoma by Dockery, Ashburn, and Waugh.° 


In the usual clinical course of a carcinoid tumor gastrointestinal bleeding 


resulting from ulceration or bowel obstruction from intussusception is rare, in 
contrast to instances of more rapidly progressing malignant processes. However, 
howel obstruction may progress slowly from tumor invasion of the bowel wall, 
without decrease in general health, weight loss, or secondary anemia. Roentgeno- 
logical examination of such a carcinoid tumor may give evidence of buckling of 
the bowel® or a solitary rounded defect in the lumen. Humphreys ° reported 152 
cases of carcinoid showing metastases and bowel obstruction in 24% 

The primary carcinoid tumor may be small with widespread metastases present, 
microscopically identical with a benign tumor, and on examination it often presents 
a yellow to orange cut surface with absence of necrosis. Microscopically, solid 
cords of undifferentiated cell masses surrounded by a fibrous stroma are seen. The 
nuclei are large, regular, and rich in chromatin, with an occasional mitotic figure 
and a pseudoglandular arrangement.’ The cytoplasm may contain reddish-brown 
granules with affinity for silver stains, which, when this argentaffine characteristic 
is found, identifies the tumor with the Kultschitzky cells located throughout the 
gastrointestinal tract.! There may be invasion of muscle and serosa of the bowel wall 
and, corresponding to Broders 1 classification of cellular uniformity, a relative 
lack of mitosis and differentiation into a gland-like structure.* 

The management of carcinoids reflects the recognition of their potential malig 
nancy and corresponds to that of carcinoma of the intestine. Surgical resection of 
the primary bowel tumor and metastases, with the possibility of multiple tumors 
in mind, may result in years of palliation (Mallory)*. Careful histologic study 
may allow an improved prognosis as compared with carcinoma. 

Kleven cases of carcinoids of the duodenum were reported by Hannon, Hazard, 
and Wise,'® while Mrazek, Godwin, and Mohardt" reported 3, 2 with distant 
metastases, making a total of 14 cases without long follow-up periods 


* Cited by Pennington and Priestley.* 
+ Cited by Mrazek."! 
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Chronic duodenal obstruction may result from tumors, bands, or congenital 
defects,’* while duodenal stasis may result from angulation at the duodenojejunal 
junction, disturbance in the sympathetic nervous system, and compression of the 
terminal duodenum by the superior mesenteric vessels."! 


REPORT OF A CASI 


\ 44-year-old white woman was first seen on Oct. 22, 1945, at which time she gave a history 
of upper abdominal distress with periodic vomiting for seven years. Cholecystectomy had been 
performed nine and one-half years previously, and the gall bladder was reported as being 
normal, Since that time she had suffered attacks of vomiting, lasting 12 hours, recurring every 
three to four days, and superimposed on severer attacks, lasting 24 hours and recurring every 
one to three months. Six years before she had been hospitalized for 60 days upon three occasions 
for severe midline epigastric pain, requiring hypodermic medication for relief. She “blacked out” 
for two days and nights and became very weak, and her weight fell to 110 Ib. (49.9 kg.) ; however, 
recovery was rapid. She was told that x-rays of the duodenum at that time showed an abnormal 
duodenum. She obtained no relief from a “gall bladder” and “allergy” diet or from hydrochloric 


“> 
“<e . 


") 


Fig. 1 (left).—Roentgenogram made Oct. 22, 1945, showing descending and horizontal 
portions of the duodenum filled widely and filling defect at site of carcinoid (a). 

Fig. 2 (right).—Roentgenogram as in Figure 1 after barium meal, showing normal stomach 
and pylorus, dilatation of duodenum, and obliteration of haustrations at site of carcinoid (a). 


acid taken by mouth and finally discovered that a diet of hot water, toast, and steak was tolerated 
She had had no other serious illnesses. She was unable to travel. She did not appear ill but had 
lost weight. Physical examination was essentially normal. Fasting gastric analysis revealed 
absence of free HCl, total acidity of 36 units, and no occult blood. Blood examination showed 
RBC 4,500,000, hemoglobin 14.0 gm. per 100 cc., leucocytes 6,200, with a normal differential 
count, coagulation time of 6 minutes, and bleeding time of 2.5 minutes 

On Oct. 22, an upper gastrointestinal roentgenological examination was performed by Dr 
R. T. Wilson, of Austin, Texas. The descending and horizontal portions of the duodenum filled 
widely and the haustrations (Figs. 1 and 2) were partially obliterated, but there was compara 
tively little delay in emptying. She was admitted to St. David’s Hospital, Austin, on Nov. 4, 
and on the following day I performed laparotomy. Adhesions which had formed, presumably 
after cholecystectomy, between the liver and the duodenum were separated. The duodenum was 
found moderately dilated in the superior portion, where a tumor freely movable and approxi 
mately the size of a small hen’s egg was palpated and easily pushed caudad in the lumen, as well 
as through the pyloric ring. The anterior wall of the duodenum was incised longitudinally, 
revealing a polypoid tumor attached to the posterior wall by a thick pedicle 3 cm. in length, 
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with a base 1.5 cm. in diameter. After the demonstration of bile flowing from the ampulla of 


Vater 3 cm. distally, a narrow border of duodenal mucosa of normal appearance surrounding 


the base of the tumor was excised with the tumor by sharp dissection. Hemostasis was secured; 
the mucosal defect closed; the duodenal wall sutured transversely with three rows, the inner 
one absorbable surgical (catgut) and the outer two nonabsorbable surgical (silk), and the 
greater omentum drawn over the suture line. 

The postoperative course was relatively uneventful. Fluids and electrolytes were given 
intravenously for five days; then 1 oz. (29 ml.) of milk by mouth every hour was retained. 
On the 8th and 10th postoperative days she had some upper abdominal cramping. She was dis- 
charged on the 12th day, wound healed. 

Multiple microscopic sections of the lesion showed clusters of oval pale-staining cells supported 


by a rather delicate fibrous stroma (Fig. 3). These cells were closely packed, and though there 


Fig. 3.—Carcinoid of duodenum in a high-power field, showing cellulitis and ulceration of 
mucosa (a), invasion of muscle (b), and clusters of oval, pale-staining cells supported by a 
delicate fibrous stroma (c). 


was moderate pleomorphism, the histological appearance was consistent with carcinoid. These 
cell masses were separated by fibrous tissue and invaded the muscularis of the duodenal wall. 
There was moderate cellulitis, and in one area ulceration was observed where moderate anaplasia 
of the glandular epithelium, but no malignant change, was noted. The diagnosis of the pathologist 
was carcinoid tumor of the duodenum. 

After discharge from the hospital she discarded all dietary restrictions and experienced none 
of her preoperative symptoms. Over a period of eight and one-half years she has maintained 
or exceeded a weight of 150 lb. (68 kg.) without dietary restrictions or any symptoms referable 
to the gastrointestinal tract. In 1950 a nodular enlargement was found in the left lobe of the 
thyroid. Her B.M.R. varied from —7 to —15%, and her pulse rate averaged 80. There has been 
no further increase in size or other findings related to the thyroid gland. 
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SUMMARY 


A case of carcinoid of the duodenum resulting in chronic duodenal obstruction 


and cyclic vomiting caused by edema in or prolapse of the pedunculated tumor 


through the pyloric ring is reported, with an eight and one-half year follow-up 
after local resection. 
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COMPLICATIONS OF TUBERCULOUS ENTERITIS OCCURRING 
DURING ANTIMICROBIAL THERAPY 
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RIMARY tuberculous enteritis is rare, but a significant number of patients with 

pulmonary tuberculosis develop secondary intestinal involvement. Blumberg 
found that 5 to 8% of patients with early pulmonary tuberculosis have roentgeno- 
graphic evidence of involvement of the gastrointestinal tract, while in advanced 
cases the incidence is 70 to 80%.'* In cases studied at necropsy, the incidence 
reported by different authors ranges from 65 to 90%.* The commonest site of 
involvement is the cecum, as 87% of patients with tuberculous enteritis have lesions 
in this area. The next commonest site is the ileum. The remainder of the colon, 
the jejunum, the appendix, sigmoid and rectum, duodenum, and stomach are involved 
in a decreasing order of frequency.'® 

These figures were obtained prior to the advent of the antituberculosis drugs, 
and no comparable figures are available at the present time for comparison. How- 
ever, in all probability, the incidence is decreasing with the increasing utilization 
of streptomycin, PAS, and isoniazid, as these drugs aid in attaining negativity of 
the sputum rapidly. Successful therapy of tuberculous enteritis with antimicrobial 
therapy has been reported.* Kallqvist reported that of 22 patients with secondary 
tuberculosis of the intestines treated by PAS, roentgenographic evidence of complete 
resolution was found in 10 cases, and there was regression in 7. There was only 


one patient who did not have subjective improvement.® 


The complications of tuberculous enteritis are hemorrhage, obstruction, perfora- 
tion with abscess, free perforation, and fistula formation. Even before antimicrobial 
drugs were used, none of these complications was common, and the complication 
of free perforation was quite rare.t Cullen, in a study of 734 cases of tuberculous 
enteritis seen at necropsy, found only 10 cases in which free perforation had 
occurred.* At the present time, one might anticipate that the complication rate is 
even lower. ‘This impression appears to be substantiated by the paucity of recorded 
data, for a review of the literature for the past 14 years revealed only five articles 
in the English language which discussed clinical management of the complications 
of tuberculous enteritis. None of the cases reported therein were cases of free 

acasniaiasinee 

From the Department of Surgery, Baylor University College of Medicine and the Surgical 
Service, Veterans Administration Hospital. 

* References 7, 9, and 15. 

+ References 2, 4, and 10 

t References 1, 3, 11, 12, and 16 
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perforation, and only an occasional report of this complication and its management 


is found in the foreign literature.§ Therefore, we are reporting three cases oft 
tuberculous enteritis in which the complication of free perforation occurred while 
the patient was on antimicrobial therapy. 


REPORT OF CASES 


Case 1—C. A. G. (No. 22070), a 50-year-old white man, was admitted to the hospital on 
Aug. 29, 1952, with a history of a slight cough for many years, which had become productive of 
sputum during the preceding year. During the three months before admission, he had experienced 
night sweats and lost 15 Ib. (6.8 kg.). 

His chief complaint was that of cramping upper abdominal pain of five weeks’ duration 
which had become increasingly severe during the three days preceding admission. There had 
been no nausea, vomiting, or significant change in bowel habits. 

Physical examination revealed a middle-aged, emaciated, acutely and chronically ill white 
man with a temperature of 101 F. Wheezes were heard over both upper lung fields, and there 
was generalized abdominal tenderness, with rebound tenderness and generalized rigidity. Peri 
stalsis was essentially normal. 

Laboratory examinations revealed a normal hemoglobin and white cell count and a normal 
differential count. Urinalysis was negative. The appearance of a roentgenogram of the chest was 
consistent with a diagnosis of tuberculosis of the right upper lobe with cavitation, and this diag- 
nosis was confirmed by smears and cultures of gastric washings. A flat plate of the abdomen 
showed dilated loops of large and small bowel compatible with a diagnosis of ileus 

He was seen in consultation by the surgical service, and a diagnosis of tuberculous peritonitis 
was made. Treatment with nasogastric suction, intravenous fluids, streptomycin, and sodium PAS 
was instituted. On this regimen the abdominal tenderness and rigidity subsided within a few days, 
but symptoms of crampy abdominal pain persisted. A clinical diagnosis of tuberculous enteritis 
was made, and subsequently this diagnosis was substantiated by a barium study of the small 
bowel, which showed evidence of an ileojejunitis. Symptoms gradually subsided, and by the 
middle of December, 1952, the patient was symptom-free. He remained under bed rest and anti- 
biotic therapy for his pulmonary lesion and seemed to be progressing satisfactorily until Jan 
18, 1953, at which time he experienced a sudden, severe abdominal pain, followed by nausea 
and vomiting. Abdominal examination disclosed a distended abdomen with generalized tenderness 
and rigidity. No peristalsis was heard. A diagnosis of perforated tuberculous ulcer of the bowel 
was made. 

At operation a free perforation of a tuberculous ulcer of the ileum was found. There was 
approximately 700 cc. of thick exudate in the peritoneal cavity. The area of free perforation 
was resected and an end-to-end anastomosis performed. During this procedure, cardiac arrest 
occurred, When the central tendon of the diaphragm was incised and the pericardial cavity 
entered, the heart was found to be in diastole, but there was a prompt response to massage 
and to intraventricular injection of epinephrine (Adrenalin) 

In the early postoperative period the patient remained comatose and developed the additional 
complication of bronchopneumonia, which required a tracheotomy to maintain tracheal toilet 
Nutrition was maintained with intravenous fluids and blood, plus feedings through a nas 
gastric tube. The patient’s sensorium gradually improved so that in three weeks he seemed to 
understand spoken commands and was able to take food orally. He continued to improve until 
Feb. 13, 1953, when he developed a severe bloody diarrhea. This was treated by replacement of 
blood loss with whole blood. The acute bleeding episode subsided, but he continued to have 
bloody stools periodically until March 13, when another severe bleeding episode occurred that 
also responded to the administration of whole blood. After this episode, his condition became 
progressively worse until the time of death on March 23, 1953. Necropsy examination revealed 
pulmonary tuberculosis, far advanced, bilateral, and tuberculous pericarditis. There was gen- 
eralized involvement of the small bowel with tuberculous enteritis, and a pelvic abscess had 
formed. 


cr 


§ References 5, 6, and 14 





M. A. ARCHIVES OF SURGERY 


Comment.—At the time of surgical exploration, the gross appearance of the 
serosal surface of the bowel indicated that the entire area of involvement was excised, 
but at the time of necropsy there were lesions throughout the entire bowel. One 
cannot say whether these lesions were present at the time of surgery or whether 
there was very rapid dissemination of the enteritic process in the postoperative 


period. Although the initial complication of perforation was satisfactorily treated, 


the final cause of death was another complication of tuberculous enteritis—hemor- 
rhage. 


Case 2.—T. M. (No. 19799), a 53-year-old white man, was first treated in November, 1950 
with a proved diagnosis of pulmonary tuberculosis. In July, 1952, a diagnosis of sigmoidovesical 
fistula was made, and resection of the involved segment of sigmoid and closure of the defect in 
the bladder were performed. Microscopic examination revealed both carcinoma and tuberculosis 
of the sigmoid. His postoperative course was uneventful, and all gastrointestinal complaints sub- 
sided. The treatment of his pulmonary lesion was continued by bed rest and antimicrobial (strep 
tomycin and PAS) therapy. 

The patient had no further gastrcintestinal symptoms until June, 1953, when he developed 
vague abdominal discomfort which progressed in severity until Aug. 15, 1953, when again he 
complained of passing air per urethra. Cystoscopic examination failed to demonstrate a fistula 
but revealed a severe cystitis. On Aug. 29, the abdominal pain increased in severity, and surgical 
consultation was requested. At this time, physical examination revealed generalized abdominal 
tenderness with rigidity, and a hard tender mass was palpable on rectal examination. A diag- 
nosis of probable ruptured viscus was made. At laparotomy an inflammatory extraperitoneal 
mass in the region of the previous colon anastomosis was found. In the center of this mass there 
was a free perforation which had resulted in a generalized peritonitis. The area of the perforation 
was drained, and a transverse colostomy was performed 

The patient’s immediate postoperative course was uneventful, and he seemed to progress 
satisfactorily until Oct. 4, 1953, at which time he passed a small amount of bright red blood 
per colostomy. Bleeding time, clotting time, and prothrombin time were within normal limits, 
and proctoscopic examination was negative. An attempted barium enema was unsatisfactory. 
During the next few days, the patient intermittently passed small amounts of blood per rectum 
so that transfusions were required to maintain a normal hemoglobin. On Oct. 8, he vomited 
blood, and an emergency upper gastrointestinal series was suggestive of a lesser curvature 
gastric ulcer. During the night the bleeding became massive and an emergency operation was 
performed on Oct. 9, 1953. A benign, actively bleeding, lesser curvature gastric ulcer was found, 
which was removed by local excision. The patient tolerated the operative procedure well, but on 
the morning after surgery he died suddenly. 

Recurrence of the tuberculosis of the colon as well as recurrence of the adenocarinoma was 
found at necropsy. There was also recurrence of the fistula to the bladder, which had been 
suspected clinically but not proved. The immediate cause of death was arteriosclerotic heart 
disease with acute left ventricular failure. 


Comment.—This case has previously been reported because of the finding of 
tuberculosis and cancer in the same segment of bowel.’ The occurrence of the free 
perforation was a later manifestation of the disease. It is impossible to state abso- 
lutely whether the perforation was due to the malignant process or to the tuberculous 
enteritis, but the findings at operation indicated that the perforation was an inflam- 
matory one, and at necropsy recurrence of the tuberculous enteritis was found in 
addition to the recurrence of the cancer. 

Case 3.—S. B. (No. 18489), a 39-year-old white man, was admitted to the hospital on March 
16, 1950, at which time he was treated for pulmonary, pharyngeal, and laryngeal tuberculosis with 
bed rest, streptomycin, and PAS. He improved to the point that he was able to be discharged 


on a program of bed rest at home, but was readmitted to the hospital as an emergency on April 
2, 1952, because of far advanced tuberculosis of the lung and a recurrence of the tuberculous 


laryngitis. Treatment consisting of bed rest, streptomycin, and PAS was instituted; however. 
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he tolerated the PAS very poorly and developed marked vomiting and cramping abdominal 
pain, Investigation of the gastrointestinal tract at this time gave negative results, except for a 
small bowel barium study on April 30, 1952, which showed coarsening of the mucous membrane 
pattern of the terminal jejunum and the ileum 

Sensitivity studies revealed resistance of the tubercle bacillus to streptomycin, and drug 
therapy was changed to iproniazid (1-isonicotinyl-2-isoprophyl hydrazine) 225 mg. daily. After 
this, his condition began to improve and continued to do so until July 19, 1952, when he 
developed severe cramping abdomina! pain with associated nausea and vomiting. When seen in 
surgical consultation on July 23, 1952, physical examination revealed an acutely and chronically 
ill, emaciated white man, in obvious distress. The abdomen was slightly distended, and there was 
generalized lower abdominal tenderness with some rigidity. A tender mass was palpable on rectal 
examination. Peristalsis was present. A diagnosis of tuberculous enteritis was made and continua- 
tion of conservative therapy advised, with nasogastric suction and intravenous fluids. On the 
following day the abdominal pain became worse, distention more marked, tenderness diffuse, 
and peristalsis absent, and a diagnosis of generalized peritonitis was made. 

At laparotomy generalized plastic peritonitis was found. The entire small bowel from the 
ligament of Treitz to the ileocecal junction was involved in an inflammatory process, and in the 
midportion of the small bowel there was a free perforation. This was closed by simple suture, 
reinforced with a tag of omentum. Cultures taken at the time of surgery were negative for 
acid-fast bacilli, but were positive for Escherichia coli. During the postoperative period, penicillin, 
streptomycin and iproniazid were administered. One week postoperatively the patient was found 
to have a pelvic abscess, which was drained. The first three weeks postoperatively were 
punctuated with cramping abdominal pain and on one occasion physical and roentgenographic 
findings of partial intestinal obstruction. This condition responded rapidly to nasogastric suction 
By Sept. 5, 1952, his wound was well healed and he was completely free of abdominal symptoms. 

Sensitivity studies showed increasing resistance to iproniazid, so this was discontinued, and on 
Feb. 27, 1953, streptomycin 1 gm. two times per week and isoniazid 300 mg. daily was started. 
He continued to improve and gained from his admission weight of 108 Ib. (49 kg.) to 150 Ib. 
(68 kg.) by March, 1953. The symptoms of laryngitis completely cleared, and a laryngoscopic 
examination at this time showed no evidence of disease, except for residual scarring 

His course remained uneventful until June 27, 1953, when abdominal pain again developed, 
with nausea and vomiting, and on June 28, 1953, abdominal manifestations indicative of gen 
eralized peritonitis were found. At laparotomy there was a free perforation in the midportion of 
the small bowel about 2 mm. in diameter, and the bowel approximately 1 ft. (30 cm.) proximal 
and distal to this point appeared to be involved in an inflammatory process, but the remainder 
of the small bowel was grossly normal. The abdomen was remarkably free of any evidence of 
his previous extensive peritonitis 

Because of the limited area of involvement, resection was believed to be the procedure of 
choice, but because of the poor condition of the patient, simple closure was again carried out 
The postoperative course was uneventful, and on July 22, 1953, he was again transferred back to 
the tuberculosis section. He has remained in the hospital for treatment of his pulmonary disease 
since that time. Bed rest and antibiotic therapy have been continued. However, conversion of 
sputum has not occurred. There has been no recurrence of the gastrointestinal symptoms, but a 
small bowel barium study in March, 1954, revealed that there is still roentgenographic evidence 
cf enteritis involving the jejunum and ileum. 


Comment.—At the time of each perforation the resulting peritonitis was pri 
marily a pyogenic one, as cultures for tuberculosis were negative and at no time 
had the patient shown the clinical symptoms of tuberculous peritonitis. It is of 
interest that the peritoneal cavity resisted the tubercle bacillus under the circum 
stances in view of the fact that this patient has had tuberculous involvement of the 
lungs, the larynx, and the gastrointestinal tract, indicating a fairly high degree of 


susceptibility to the disease. During the two years that this patient has been 


followed, cultures taken from the gastrointestinal tract have been positive for tubercle 


bacilli on most occasions 
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CONCLUSIONS 

Although the use of antimicrobial drugs has frequently resulted in resolution of 
tuberculous enteritis, our cases show that their use will not be uniformly attended 
with success. It is particularly interesting that in all three cases, improvement of 
the pulmonary lesion was occurring when complications of the enteric lesion 
developed. 

There are no symptoms of intestinal tuberculosis which are specific, and since 
the use of the antimicrobial drugs, particularly PAS, may produce gastrointestinal 
symptoms, it is not difficult to misinterpret the early symptoms of intestinal tuber- 
culosis to represent poor tolerance of this drug. This error was made in Case 3. 
Also, it has been suggested that antimicrobial therapy may mask or diminish 
symptoms of intestinal tuberculosis while the inflammatory process continues, just 
as antimicrobial therapy sometimes masks the presence of a pyogenic infection. 
Case | and Case 3 certainly give credence to this concept, as symptoms of abdominal 
disease were present for only a few hours before definite signs of perforation were 
found. 

Although two of the three patients herein reported died, it is worthy of note that 
neither of them died directly as a result of the intestinal perforation and, conse- 
quently, immediate operative intervention should be undertaken whenever this 
complication arises. It would appear that resection of the involved area is the treat- 
ment of choice if the disease process is limited to a short segment of bowel and if 
the patient’s condition will permit. However, as exemplified by Case 3, simple 
closure may be attended by success, and therefore it is recommended if disease is 
extensive or if the patient’s condition is precarious. 


SUMMARY 
Three cases of free perforation of enteric tuberculous ulcers occurring during 
antimicrobial therapy have been presented. All cases survived operative intervention. 
Two patients had late deaths—one from extension of tuberculous enteritis with the 


additional complication of hemorrhage and the other following an emergency 


operation for a nontuberculous, benign, massively bleeding gastric ulcer. 
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i Brags USE of radioactive isotopes in the treatment of neoplasms has proved to 


be of considerable value. It is as yet too early to know whether cures can be 
obtained, but encouraging results have been reported in carcinoma of the prostate,* 
carcinoma of the cervix,} and malignant pleural and peritoneal effusions.{ Neo- 
plasms of the central nervous system have been treated by means of pledgets of 
absorbable gelatin sponge (Gelfoam) impregnated with radioactive gold applied to 
the tumor bed after surgical removal.’ Recently, Lewis '° has briefly reported his 
experience with injection of gold into the subarachnoid space in one patient in a 
terminal state following recurrence of a glioma. 

Some brain tumors, such as medulloblastomas and ependymomas of the posterior 
fossa, tend to spread through the subarachnoid space, following the pathways of 
cerebrospinal fluid circulation. Although the main mass of tumor may yield to surgi- 
cal excision, local recurrence and subarachnoid seeding are frequent. Despite x-ray 
therapy to the operative site as well as along the spinal cord, the incidence of recur- 
rence is still high. X-radiation may destroy the lesions but carries with it the risk 
of damage to the central nervous system, skin, and hematopoietic system. 

The purpose of this present study was to investigate the possibility of introducing 
a radioactive substance into the subarachnoid space, in order to irradiate and possi- 
bly to sterilize free-floating tumor cells and small implants. Radioactive colloidal 
gold (Au'®*) was chosen because of its availability, short half-life, tissue tolerance, 
and lack of diffusibility. Its therapeutic effect is dependent mainly on the beta emis- 
sion, which penetrates up to about 3 mm. in tissue, with 90% absorbed in the first 
millimeter. The effect of the intrathecal administration of gold was studied in 


experimental animals and subsequently tried in patients with malignant brain tumors. 


xteeniahaiathaiinaenines 
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EXPERIMENTAL MATERIAL AND METHODS 


Radioactive gold was used in a colloidal suspension of metallic Au'®* in weak 
aqueous gelatin. The colloid used in these experiments was irradiated in the Brook- 
haven National Laboratory Pile and processed by the Abbott Laboratories. The 
gold is obtained by neutron bombardment of Au’® and has a half-life of 2.69 days 
The radiation emitted consists of gamma rays of 0.41 mev and a 0.98 mev beta par- 
ticle. Approximately 94% of the total dose is delivered in 11 days."* Preliminary 
experiments with both active and decayed material demonstrated that the size of 
the colloidal particles (50 to 250 mp) is too small to produce obstruction or hydro- 
cephalus. 

The Au’ was calibrated in every case with a standard radium source and suit- 
able corrections were applied. The specific activity of each batch of material varied, 
but in general not more than 2 cc. of colloidal gold solution were needed to deliver 
as much as 30 mec. When the activity was found to be very high, the colloid was 
diluted with sterile saline solution prior to injection to insure minimal loss from 
adsorption of the particles to syringes. 

Eleven dogs, weighing between 14 and 35 Ib. (6.4 and 15.9 kg.), and two rab- 
bits, weighing, respectively, 8 and 9% lb. (3.6 and 4.3 kg.) were used. Cisternal 
puncture was done in all cases with the use of pentobarbital (Nembutal) anesthesia, 
and the radioactive gold was injected, mixing thoroughly with cerebrospinal fluid 
in all but one instance. 

To determine distribution of Au'®* along the cerebrospinal axis, two methods 
were employed. One consisted of radioautography carried out by placing 50-p frozen 
sections on photographic film in the darkroom. Representative sections through all 
levels of the central nervous system were examined in this fashion. In addition, abso- 
lute measurements of radioactivity in terms of millicuries were made according to 
the following technique: The standard consisted of preserved fractions of the orig 
inal solution injected. When the animal was killed, the neuraxis and viscera were 
divided into their various anatomic segments. At this time, the activity of the stand- 
ard was calculated from decay tables. A measured dried fraction of this solution 
on a planchette was placed at a measured distance from a scintillation counter and a 
counting rate was obtained. The individual segments of tissue were then counted 
in the same fashion and compared with the standard. 

Animals were killed with pentobarbital, bled, and perfused with saline and 10% 
formalin. Sections of various levels of the brain, spinal cord, and meninges were 
prepared, using hematoxylin-eosin, Weil, and Nissl techniques. 


EXPERIMENTAL RESULTS 

The results are summarized in Table 1. They can be divided into one group, 
with toxic dosage and effect, and another group, receiving a tolerated dosage 

1. Toxic Dosage.—It was found that the administration of 30 me. or more 
resulted in severe symptoms. In two dogs respiratory arrest and death occurred 
shortly after intracisternal injection of this amount in 0.75 cc. of solution. To deter 
mine whether this was due to radiation effect or to other chemical or physical proper- 
ties of Au’®* on the medulla, a much larger quantity (10 cc.) of inactive colloid was 


injected into two animals ; these dogs developed no respiratory or cardiac symptoms 


and remained completely asymptomatic for 16 months. Doses of 30 mc. or more 
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are compatible with survival only if given extremely slowly and mixed thoroughly 
with cerebrospinal fluid. However, even under such circumstances, one animal (Dog 
12) receiving such a dose showed marked disturbance of neurologic function and 
died within three weeks. 

With doses of between 12 and 30 mc. in a volume of 0.5 to 1 cc., death did not 
occur if the injection was given slowly and mixed abundantly with cerebrospinal 
fluid. Four dogs and one rabbit are included in this group; it should be noted that, 
though the rabbit received only 5 mc., it is included here, as the dose of Au is in 
proportion to its size. In all these animals neuritis, ataxia, or meningeal signs devel- 
oped within 48 hours. Signs of neurologic deficit were progressive, and in only one 
dog was there improvement. This animal (Dog 13) received 15 mc. and developed 
mild neck stiffness and neuritis, but these symptoms disappeared and it was asymp- 
tomatic 15 months later. Ataxia involved chiefly the hind quarters ; the forelimbs and 


TaBLe 1.—Experimental Results of Radioactive Gold in Subarachnoid Space 


Dose, Me 
Dog 1.. : : 80 
Dog 11 Ke 80 
Dog 12. se 80 


Reaction Survival 
Immediate death 
Immediate death 


Marked ataxia 
and meningeal 
symptoms 


Died 3 wk. 


Dog 14.. 
Dog 8.... 


Dog 138.... 


Rabbit 1.. 


Dog 16.... 
Dog 2.... 
Dog 15... 
Dog 10... 


Rabbit 2 


Ataxia 
Neuritic-ataxic 
syndrome 


Slight neuritis 


Marked ataxia 
paraparesis 


Severe ataxia 
in hind legs 
Asymptomatic 
Asymptomatic 
Asymptomatic 
Asymptomatic 


Asymptomatic 


Killed at 5 days 
Killed at 1 
mo.—distemper 
15 mo. 

Died 1 wk. 


3 mo. died 


Killed at 4 days 
Killed at 5 mo 
15 mo. 


6 mo. (dis- 
appeared) 
8% mo.; 


pneumonia 


neck were apparently unaffected. This may be due to the more superficial lamination 
of the corresponding afferent tracts. Neuritic signs of hyperesthesia and spontaneous 
yelping were observed, possibly the result of edema of the meninges, with compres- 
sion of the roots, or direct radiation radiculitis. Muscle rigidity, in addition to 
ataxia, was seen in the animal which received 30 mc. In only one animal (Dog 9) 
was there clinical evidence of pyramidal tract damage. This animal was found to 
have a vascular thrombosis affecting the cervical cord, resulting in paraparesis and 
marked ataxia. 

2. Tolerated Dosage.—Doses of 11.5 me. or less produced no clinical symptoms 
in four dogs included in this group, two of which have remained entirely normal, 
6 and 15 months after injection. Of the other two dogs, one was killed at four days, 
another at five months. Complete examination of the central nervous system of 
these two animals showed no gross abnormalities, such as hydrocephalus, but there 
was some thickening of the arachnoid at five months. One rabbit (No. 2) which 
may be included in this group died of pneumonia after three and one-half months of 
clinically normal activity, with no gross and microscopic examination of the nervous 
system. 
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HISTOLOGIC OBSERVATIONS 


Examination of the cerebral hemispheres revealed no gross or microscopic abnor- 
malities. In some cases with high dosage, there was degeneration of the Purkinje 
cells of the cerebellum, localized usually to very few folia. Sections of the medulla 


Fig. 1—A, upper cervical cord, Dog 14, five days after 20 mc. injected intracisternally. 
Peripheral necrosis, with hemorrhage. B, high-power photomicrograph of area outlined in A. 
Lymphocytic infiltration and hemorrhages in leptomeninges. Peripheral necrosis of afferent tracts. 
Hematoxylin and eosin; x 85. 


after 30 mc. showed necrosis and hemorrhage in the dorsal aspect for a depth of 
2 mm. 


Histologic signs of damage to the cord and meninges were found to be almost 
directly proportional to radiation dosage. Five days after cisternal injection of 20 mc. 
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Fig. 2.—A, Dog 3, one month after injection of 15 mc. Lymphocytic infiltration, edema, and 
perivascular hemorrhage in dorsal meninges. Very slight, patchy sclerosis in dorsal columns. 
Hematoxylin and eosin; x 10. B, Dog 16, four days after injection of 11.5 mc. Dural covering 
intact. Slight edema and infiltration of arachnoid. No lesions in cord. Hematoxylin and eosin; 
x 8. 





EXPERIMENTAL EFFECTS OF RADIOACTIVE COLLOIDAL GOLD 


without attempt at thorough mixing with cerebrospinal fluid, the meninges showed 


thickening, numerous hemorrhages, and lymphocytic infiltration (Fig. 1). There 
was a 2 mm. band of peripheral necrosis of the cord, with hemorrhage, edema, and 


Fig. 3.—A, Dog 2, five months after injection of 10 mc. Minimal thickening of arachnoid. 
Minimal edema of outer 1 to 2 mm. of dorsolateral fasciculus. Nerve roots normal. Hematoxylin 
and eosin; < 10. B, high-power photomicrograph of area outlined in A. Hematoxylin and eosin; 


> 4 130. 


degeneration of myelin sheaths in the superficial portions of the afferent tracts, more 
marked dorsally. 

One month after injection of 15 mc., sections (Fig. 2 4) of Dog 3 showed 
edema of the leptomeninges with lymphocytic infiltration. There was minimal damage 
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to the cord itself, but extensive edema of the dorsal meninges was present. In animal 
16, four days after injection of 11.5 mc., there was swelling of the arachnoid and no 
evidence of cord involvement (Fig. 2 B). 

In only one animal (Dog 9, after injection of 12.8 mc.) was there any micro- 
scopic evidence of damage to neurons and deep tracts. In this dog vascular throm- 
bosis occurred, leading to infarction of the cervical cord. Study of the blood vessels 
in all other instances revealed no evidence of thrombosis or endothelial thickening. 
However, it is of interest to note that many macrophages were seen to contain clumps 


of colloid. 
ae. | 
Ne Se ie 








Am, 
e> 


* 


B D ‘anal 


Fig. 4.—Radioautographs of Dog 16, four days after injection of 11.5 mc. Exposure time, 
three minutes. A, cerebral hemispheres; B, cerebellum; C, levels of pyramidal decussation, mid- 
cervical and lower cervical cord; D, thoracic cord and lumbosacral enlargement. Radioactivity is 
present on surface and in depths of sulci, but none in lateral or third ventricles. 


i 





Sections of one animal (Dog 2) which was killed five months after injection of 
10 me. showed (Fig. 3) very slight edema of the superficial portions of the dorso- 
lateral aspect of the cord and minimal thickening of the arachnoid; the nerve roots 
were intact. 

DISTRIBUTION OF AU’®® IN SUBARACHNOID SPACE 

Radioautographs (Fig. 4) made at various levels, four days after well-mixed 
cisternal injection of 11.5 mc., show that the material reaches the depth of the sulci 
of the cerebral hemispheres and cerebellum, as well as to the most caudal portion of 
the cord. It is noteworthy that no radioactivity could be demonstrated in the walls 
of the lateral or the third vertricle. 

Tables 2 and 3 present the distribution as demonstrated by the scintillation coun- 
ter method. It is evident that when thorough mixing is effected, the distribution is 
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fairly uniform (Table 2). On the other hand, when no effort is made to mix Au'®* 
in the cerebrospinal fluid, the gold tends to remain localized to an area about 3 cm. 
rostral and caudal to the injection site. 

In the animal killed four days after relatively even distribution was obtained, 
83% of radioactive material was still in the central nervous system, while 17% had 


TABLE 2.—Distribution of Au'®8 in Dog 16* 


Distribution 
of Total 
Activity, ONS 
Organ in Me Autes, % 
Brain (hemispheres) and meninges. 0.48998 33.81 
Cerebellum and meninges.... 0.08697 6 
Brain stem, cervical cord and meninges. , 0.3754 25.9 
Dorsal cord and meninges ‘ 0.2331 16.08 
Lumbosacral cord and meninges.. 0.2636 18.16 


* Thorough mixing with cerebrospinal fluid; four days after injection of 11.4 me.; 88% recovered from 
central nervous system; 17%, from remaining viscera and skull. 


TABLE 3.—Distribution of Au'®8 in Dog 14* 


Distribution 

of Total 
ONS 

Organ Activity, Me. Au®s, % 
Brain and leptomeninges. Swe ‘ jatiki ’ 0.0413 2.08 
Cerebellum enbaceas os sae 0.09668 4.75 
Brain stem ‘ , we ‘ , 1.1025 54.42 
Cervical cord with meninges. on a Shave Kena 0.7146 35.15 
Dorsal cord with meninges..... i asl pasa’ - 0.08159 1.55 
Lumbosacral cord with meninges.. avceken sveewed 0.005 0.24 
DOE GE Wei esnccccpenscecess svnnckneowats 0.04118 2.02 


* No attempt to obtain diffuse distribution; five days after injection of 20 me.; 95% reeovered from the 
central nervous system; 5%, from remaining viscera and skull. 


TaBLe 4.—Distribution of Au'®8 Recovered Outside Central Nervous System in Dog 14* 


Counts See Activity, % 

Liver . ° d 19.75 19 
Spleen . eedenpetasocsecdas ' 2.31 2.2 
Sphenoid bones : ve Sewhe , : 55.7 58.7 
Ethmoid bone .. se eanenans i 08secdeoetasadoseciouee 12 11.56 
Temporal muscle ere ee , soeee ‘ 14 13.51 
Kidneys .. éeeveu : occebseente same san Vestiges 

Total blood .... ’ ee jipdboseses otbkena ‘sa éeie Vestiges 

Remaining viscera : ‘ pnuoes is Vestiges 


* Values are for the whole organ. 


escaped to the viscera and skull. When no attempt was made to mix the material 


thoroughly (Table 3), 95% of Au’®* remained in the central nervous system at 
five days. 

Assays of activity outside the central nervous system showed (Table 4) that 
the liver stored approximately 19% and the spleen 2.2% ; 78% of extraneural radio- 
activity was present in the skull and temporal muscle. After removal of the dura 
and soft tissue, Au’®* was found to be concentrated in the sphenoid and ethmoid 
bones. 
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Radioactivity of the blood stream was measured at varying intervals after cis- 


ternal injection. At five minutes minimal activity could be detected, persisting at 


approximately the same level up to four hours, at which time it temporarily dropped 


for two hours. Following this there 


yas a gradual increase, until it reached its orig- 


inal four-hour level at the end of 24 hours. It continued to rise slowly until 48 to 72 


TABLE 5 


Age, Yr Diagnosis 
Fibrosarcoma 
of meninges 


Sarcoma- 
cerebellum 


Sarcoma— 
cerebellum 


Sarcoma 
cerebellum 


Ependymoma— 
4th ventricle 


Ependymoma 
4th ventricle 


Ependymoma 
cauda equina 


Medulloblastoma— 


cerebellum 


Medulloblastoma 
cerebellum 


Medulloblastoma 
cerebellum 


Medulloblastoma— 


cerebellum 


*L. P. indicates lumbar puncture. 


5 me 
5 me 
10 me. L. P 
5 me. L. P 


Dosage 
and Route 


5 me. L. P.* 


1 me. L. P. 
8 me. L. P. 
1 me, intra- 
ventricular 


5 me. L. P. 


5 me. L. P 

5 me, cisterna 
magna 

10 me. cisterna 
magna 

5 me. cisternal 
5 me, L. P. 

5 me. cisternal 
5 me, L. P. 

2.5 me. cisternal 
6 me. L. P. 

5 me. L. P 

5 me. L. P. 

5 me, intra- 
ventricular 

10 me. L. P 

10 me. L. P 


5 me. L. P 
5 me. L. P. 


5 me. L. P 


5 me. ventricular 


5 me, cisternal 
5 me P. 


LP. 


isternal 


Survival Time 
To Date 


Died—3 wk. 


Died—2 mo. 


Died--3 mo 


Died—5 mo. 


7 mo 


Died—8 mo. 


5 mo 


15 mo, 


10 mo. 


12 mo. 


Clinical Observations on Eleven Patients Receiving Au'®* Intrathecally 


Comments and X-Ray Therapy 
Craniotomy 8/2/52 

X-ray therapy 3,940 r tumor dose; 
readmitted, terminal 3/3/53; no 
improvement with Au*®§ 
Craniotomy 1/12/58 

X-ray therapy 2,600 r tumor dose; 
evidence of spinal implants; com 
plete block; questionable decrease 
of pair and spasticity 
Craniotomy 7/6/50 

X-ray therapy 4,200 r tumor dose; 
subsequent spinal implants treated 
intermittently over 2 yr. to maxi 
mum tolerance; Au'®® given 
7/14/53, with improvement in 
radiculitis 

Craniotomy 7/28/53 

No x-ray therapy; craniotomy 
1/19/54; no local recurrence; 
autopsy showed multiple cerebral 
minetastases 

Craniotomy 12/11/53 

No x-ray therapy; Au'®® in divided 
doses over 2-mo. period 


Craniotomy 8/22/58 
X-ray 4,563 r tumor dose; Au**® in 
divided doses in 3-day period 


Initial laminectomy elsewhere, 
Aug., 1951 

X-ray therapy; secondary laminec 
tomy 1/13/54; x-ray 3,840 r; Auts 
injected 2/6/54; 2/23/54, with ques- 
tionable improvement of pain 
Craniotomy 3/23/53 

3,890 r tumor dose; Au, divided 
doses, 3-wk. intervals 

Craniotomy 9/1/53 

4,470 r tumor dose; Au!*® intra- 
ventricular and intrathecal at one 
time 

Craniotomy 6/7/54 

2,740 r tumor dose 


Craniotomy 5/18/53 
2,800 r tumor dose; x-ray therapy 
to cord discontinued—leucopenia 


hours. The urine levels reflected the blood levels, following the same variation, but 


activity was slightly higher. Here, again, the quantities were so minute as to assume 


little significance as an excretory pathway. Assays of bile failed to reveal any 


activity. 


After cisternal injection, the colloid tended to adhere to the walls of the subarach- 


noid space, and in 24 hours there was very little activity in the spinal fluid itself, 


although there was persistent intense activity over the neuraxis. 
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CLINICAL OBSERVATIONS 

Since experimental studies indicated that histologic changes are confined to the 
most superficial portions of the neuraxis, clinical trial of intrathecal Au‘®* was con- 
sidered justified in 11 selected cases of hopeless, malignant tumors, i. e., 1 meningeal 
sarcoma, 3 primary sarcomas of the cerebellum, 3 ependymomas (2 cerebellar, 1 of 
the spinal cord), and 4 medullobiastomas of the posterior fossa. 

Table 5 presents the results in these patients. The child with meningeal sarcoma 
who received 5 me. plus deep x-ray therapy after partial tumor removal had a pro- 
gressively fatal course. A patient with evidence of spinal implants secondary to pri- 
mary sarcoma of the cerebellum received 5 me. in divided doses, plus x-ray therapy, 
with questionable temporary improvement of pain and spasticity, but died shortly 
afterward. E. Y., with cerebellar sarcoma, treated by operation and several courses 
of x-irradiation over two years, returned with complaints of severe radicular pain 
and evidence of spinal involvement. Since further deep x-ray therapy could not be 
tolerated, 5 mc. of Au’®* was injected intrathecally, without affecting her progres- 
sively downhill course. Another patient with primary cerebellar sarcoma received 
20 me. of Au’ in divided doses, without conventional deep x-ray therapy, after 
operation. Five months later, exploration of the posterior fossa revealed no local 
recurrence, but autopsy showed multiple tumors in both cerebral hemispheres 

A child (K. W.), whose ependymoma was removed except for a thin, filmy 
layer adherent to the wall of the fourth ventricle, received divided intrathecal doses, 
totaling 27.5 mc., without other therapy. Despite what seems to be a large dose, the 
patient showed no signs of intolerance and has done well for seven months. Another 
patient, with a similar lesion, died eight months after initial operation, followed by 
deep x-ray therapy and 15 me. of Au'®*. A patient (R. T. L.) with recurrence of 
an intraspinal ependymoma, who received 20 mc. in divided doses after secondary 
laminectomy and x-ray therapy, showed questionable improvement in radicular 
pain, but his course was not affected. 

Of four patients with posterior fossa medulloblastoma, three are doing well 15, 
10, and 1 month, respectively, after operation, deep x-ray therapy, and Au'®*. The 
fourth case (V. B.) with medulloblastoma developed marked leucopenia during 
x-ray therapy and subsequently was given 15 mc. of Au’**. There has been definite 
clinical improvement persisting for 12 months to date. 

Total dosages of Au’ in individual patients have ranged from 5 to 27.5 mce., 
without evidence of any untoward effects. When administered in divided doses, 
not more than 10 mc. has been given at one time. It is probable that 10 to 14 days 
constitutes an adequate interval between injections, in view of the decay period of 
the radioactive gold. 

COMMENT 


The present study shows that radioactive gold in suitable doses is apparently 


well tolerated by animals when injected into the cerebrospinal fluid. It is noteworthy 


that slow injection with careful mixing was better tolerated than rapid introduction 
with failure to mix the colloidal suspension with cisternal fluid. Three dogs have 
been followed for from 6 to 15 months, without any evidence of delayed neurologic 
disorder. One of these is normal, although he showed transitory signs of neuritis 
and meningitis shortly after injection of 15 mc. However, we cannot definitely 
exclude the possibility of neurologic abnormalities developing at a later date. Delayed 
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manifestations of roentgen radiation damage to the central nervous system has been 
reported by Lyman, Kupalov, and Scholz’? and Pennybacker and Russell, and 
others.§ Recently Bailey and McLaurin || have reported late effects seven months 
after extradural implantation of radioactive tantalum in monkeys. These authors 
have noted vascular endothelial proliferation as a cardinal factor in the production 
of this type of lesion. In our experimental material, there has been only one instance 
in which this has been found. It may be that this occurs less frequently with beta 
than with gamma radiation. 

The widespread distribution of cisternally injected Au’®* within the subarachnoid 
space was strikingly shown in our studies, especially when the material was thor- 
oughly mixed with spinal fluid. The great bulk of this colloidal isotope is evidently 
retained around the cerebrospinal axis. Less than 20% makes its way out of the 
meningeal spaces to reach the skull, liver, and spleen, presumably transported by 
colloid-containing macrophages, which have been seen in pial blood vessels. Acces- 
sory pathways of cerebrospinal fluid excretion along the base of the skull may also 
be a factor. Such paths have been described in dogs by Schurr, McLaurin, and 
Ingraham,’® using ethyl iodophenylundecylate (Pantopaque) technique, and this 
concept is supported by our present observations that significant amounts of radio- 
activity are found in the sphenoid and ethmoid bones. The amount of radioactive 
colloid which may be retained in the liver or spleen would appear to be so small as 
to be of little practical significance. 

The fact that such a large proportion of active isotope remains in the subarachnoid 
space may be considered advantageous in searching for a selective effect upon tumors 
which tend to seed along the cerebrospinal axis. 

Although the group of medulloblastoma patients appears to have done better to 
date than have the cases with primary sarcoma or ependymoma, our clinical trials 
do not permit any enthusiastic conclusions. However, it can be said that thus far 
none of the 11 patients has shown any ill effects from gold (Au*®*) intrathecally in 
the quantities administered. 

The actual dosage in reps. (roentgen equivalents physical) delivered to the sur- 
face of the central nervous system can be estimated only very roughly. Chamberlain ** 
has calculated that 1 mc. spread uniformly over a surface of 1,000 sq. cm. will deliver 
900 reps. at the surface. The total surface of the human cerebral cortex is about 2,240 
sq. cm.,*’ including the walls of the gyri. The average surface area of the spinal cord 
approximates 200 sq. cm.’* Thus, assuming uniform distribution of the radioactive 
gold over brain and cord, 1 mc. will deliver 375 reps. at the surface. However, if 
the intrathecal gold were limited to the region of the spinal cord, dosages might go 
as high as 4,500 reps. per millicurie injected. The fact that patients have tolerated 
as much as 27.5 me. is worthy of note. 


It is difficult to compare the amount of radiation delivered by isotopes with that 
obtained from conventional roentgen therapy, owing to differences in physical dis- 
tribution and relative biologic efficiency. With conventional technique, dosage to the 
cord rarely exceeds 3,000 r because of hematologic depression. With intrathecal 


§ References 13 and 14. 


|| Bailey, O. T., and McLaurin, R. L.: Gamma Irradiation of the Monkey Spinal Cord: 
Comparison of Its Effects with Those of Roentgen Irradiation, Presented at annual meeting of 
the Harvey Cushing Society, April 23, 1953. 
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isotope radiation, this disadvantage is avoided. It may well be that further experience 
will show that a combination of both methods of radiotherapy is better than either 
alone. At the present time, we believe that the site of the primary tumor is best 
treated with x-rays, utilizing intrathecal Au’ to irradiate free-floating tumor cells 
and small implants in the subarachnoid space. 


SUMMARY 


The effect of intrathecal injections of radioactive colloidal gold (Au'®*) was 


studied in 11 dogs and 2 rabbits. Subsequently, observations were made on 11 
patients with malignant tumors of the central nervous system. 


The tolerance for Au'®* was found to vary with the quantity injected and the 
thoroughness with which it was mixed with cerebrospinal fluid. 

Histologic study of experimental animals showed radiation effects to involve pri- 
marily the most superficial portions of the nervous system. 

Distribution of radioactivity determined by scintillation counter and radioatto- 
graphic methods was found to be fairly uniform along the cerebrospinal axis when 
careful mixing was carried out. 

It was found that over 80% of Au’ is retained in the central nervous system, 
while the remainder escapes to the base of the skull, liver, and spleen. 

Patients treated suffered no ill effects from the dosages given intrathecally. It is 
suggested that a combination of conventional roentgen therapy plus intrathecal Au’ 
may retard the course of tumors of the medulloblastoma type, which tend to seed 
through the subarachnoid space. 
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SOME CONCEPTS IN TREATMENT OF BREAST CANCER 


ALFRED C. MEYER, M.D. 
AND 


SIMMONS S. SMITH, M.D. 
ROCKFORD, ILL. 


HE INTRODUCTION of new technical concepts in the surgical therapy of 
cancer of the breast has raised two significant questions, both relevant to the 
extent of the operation. First, do the sometimes less than radical surgical pro- 
cedures for breast cancer conducted in a small general hospital give five-year 
survival rates comparable to those obtained in large medical centers? And second, 
is there clinical evidence indicating that the scope of the operation should be 
enlarged for medially situated lesions? 
The studies of Handley and Thackray * have indicated that the internal mam- 
mary chain of lymph nodes is involved in a high percentage of malignant growths 


of the breast. Their studies, as well as those of Urban? have produced evidence 


that lesions in the medial aspect of the breast are more likely to metastasize to the 
mediastinal nodes than are laterally located lesions which show some preference 
for spreading to the axillary glands. On the other hand, Hutchinson * has found 
no correlation between the location of the lesion in the breast and the incidence 
of mammary node involvement. 

There is, then, obvious reason for the dilemma of the conscientious surgeon 
He does not wish to subject the patient to the necessarily greater morbidity which 
attends the addition of mediastinal node resection to an already sizable operation 
without some rather conclusive evidence of its advisability. Nor does he wish to 
deny his patient a procedure—no matter how radical—if such additional surgery 
will give a longer survival. 

Hoping to clarify some of the conflicting views on the subject, we undertook 
a clinical analysis of a series of cases of breast cancer with two basic purposes in 
mind: (1) to compare the five-year survival rate at a small general hospital with 
that recorded in some of the larger medical centers, and (2) to evaluate any dif 
ferences which might exist between the behavior of medial quadrant cancers and 
that of lesions in the lateral quadrants. 

This survey is based on a study of all cases of cancer of the breast treated 
between the years of 1926 and 1949 at Rockford Memorial Hospital, which was 
then a 135-bed general hospital. During this period, 148 cases of cancer of the 
breast were treated by 27 different physicians. Of these, 97% (144 cases) were 
followed for a period of five years or more. 

The five-year survival rate for this group was 51% (73 cases). Among those 
patients with axillary node involvement, the survival rate was 38%, while among 
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those without known nodal involvement, the rate was 74%. These figures include 
deaths from all causes and also include two cases in which the lesions were so far 
advanced that no surgery was felt to be warranted. A comparison of this series with 
studies made in larger medical centers * appears in Table 1. The percentages at Rock- 
ford Hospital show a rather surprising similarity and, indeed, compare very favor- 
ably with those of the larger teaching centers. This comparison is of additional 
interest in view of the fact that many of the procedures used for patients in our 
series fell far short of the recognized standard radical mastectomy. 


TaBLe 1.—Comparison of Results at Rockford Memorial Hospital with Those at Large 
Teaching Institutions 


Five-Year Survival 
Percentages 


Axillary Nodes 
Not 
Author No. Cases Over-All Involved Involved 
Adair (1949) (all cases) ‘ ? ; ‘ { 39.6 : Sate 
Adair (1949) (operable cases).... 58.3 43.5 82.2 
Nohrman (1949) (all cases) , 40.1 
Haagensen & Stout (1951) (all cases) - 68 47.2 
Shimkin, Lucia, Stone, & Bell (1952) (all cases) bees 40. 
Harrington (1952) (operable) Sea ; ; 61. 
Rockford Memorial Hospital (1954) (all cases).... ; 50 


TABLE 2.—Comparison of Results Obtained by Infrequent Operators and by Surgical Specialists 


Operation, Five-Year 

No. Cases Survival, % 
Total number of cases.................055 eUbeasiieds 142 51.4 
Surgical specialists (5)........... et, tee kn s 87 49.0 
Infrequent operators (22)......... “ae endseevs chesbeseudses 55 54.0 


TABLE 3.—Comparison of Results Obtained by Simple and by Radical Mastectomy 


Five-Year 
Type of Surgery Cases, No. Survival, % 
ON cis sc cenansbivens seensexe< , f 
Radical mastectOMy ........csessccccseres 19 


These statistics suggest that the surgical technique utilized was of less sig- 
nificance than would ordinarily be expected. Further evidence in support of this 


finding was contributed by a breakdown of our cases into those performed by 


well-trained surgeons and those done by men considered as occasional operators. 
Interestingly enough, the survival rate obtained by the infrequent operators was 
slightly higher than that obtained by the surgical specialists. Table 2 shows the 
results of this comparison. 

Equally surprising was a comparison of the results obtained by simple and by 
radical mastectomies. Table 3 demonstrates the higher survival rate obtained by 
simple mastectomy. 

Park and Lees® have made the startling statement: “It has not been proved 
that the survival rate of cancer of the breast, using the five-year survival rate as 
an index, is affected by treatment at all.” Although we find it hard to agree with 
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their conclusions, we acknowledge that the findings outlined in Tables 1, 2, and 3 
are not in conflict with that statement. It is apparent that in this series, at least, 
the survival rate was not materially influenced either by the experience of the 
surgeon or by the extent of the operation. 

Feeling it necessary to find clinical justification before expanding our surgical 
therapy to include mediastinal dissection, we now undertook the second phase of 
our study. It seemed appropriate first to determine whether the site of the primary 
tumor bore any relationship to the site of metastasis. No clinical study of this 
type was found in the literature. 

We divided our cases into tumors situated either medially, laterally, or centrally 
in the breast, and, wherever possible, recorded the site of metastasis. Tumors 
large enough to encompass most of the breast were considered to be centrally 
located. In a few instances, the site of the tumor was not properly indicated on the 


TABLE 4.—Classification of Cases According to Site of Origin and Metastasis 


Lung or 
Axillary Opposite Mediastinum, 
No. Cases Nodes, % Liver, % Breast, % Bone, ‘ % 


Total 125 i 14 10 4 
Lateral.. 63 Bf 16 ll 11 
Medial.. 21 5s 10 5 ) 1) 
Central 41 j 12 10 f 17 


TABLE 5.*—Comparison of Five-Year Survival Rates with Variously Located Lesions 


Five-Year 
Five-Year Survival 
Location Cases, No Survivals, No Rate, % 
Total... . prassnactnenedeeeeweonaesded 127 63 
Lateral. , os ° ‘ 61 36 
Medial... . ‘ aa 21 13 
Central. . ; oes 45 17 


* The slight variation in number of cases reported in Tables 4 and 5 can be traced to the desire to report 
only those cases which could be accurately followed. Information was not always available for both site of 
metastasis and five-year survival 
record; in some cases, the operation consisted of simple mastectomy alone, and in 
some cases, follow-up was not detailed enough to be certain of metastases. For 
this reason, only 125 cases could be adequately identified. A tabulation of those 
cases with known site of origin and known metastasis appears in Table 4. 


The small number of cases studied perhaps weakens the statistical validity of 


some of the above categories ; yet some of the findings are significant. Axillary nodes 


were involved in 58% of the cases, for example, and that is precisely the same per- 
centage as Harrington ° reported in his review of more than 8,000 cases. This gives 
credence to the statistics. 

It is noteworthy that the percentage of axillary involvement is very similar for 
medially and laterally placed tumors. The similarity of percentages of involvement 
of the liver, regardless of original site, is likewise interesting. Also, the site of the 
original tumor was not apparently related to the incidence of involvement of the 
opposite breast. It was found that approximately 10% of the patients studied 


developed a carcinoma in the opposite breast either prior to or subsequent to the 
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time they were encountered in this series. Metastases to bone and mediastinum 
were slightly higher from the medially situated lesions than elsewhere, but the num- 
ber of such cases reported was small. 

Additional evidence supporting the comparable behavior of variously located 
lesions is obtained when the similarity of five-year survival rates is considered. 
These rates are shown in Table 5. 

It is noteworthy that the survival rate for patients with medial and lateral 
lesions is almost identical. The obviously low survival rate for central lesion patients 
may be ascribed to our placing in this category the large, far-advanced lesions whose 
origin could not be more definitely located. 


The ultimate answer to the rationale of supraradical mastectomy must await 


more prolonged follow-up studies. Our study, however, suggests that medial lesions 
behave in a manner similar to lesions located in the outer quadrants of the breasts, 
since there is marked similarity of axillary node involvement, incidence of remote 
metastases, and five-year survival rates. One would justifiably question, therefore, 
the logic of treating them differently. 


SUMMARY AND CONCLUSIONS 


All cases of breast carcinoma entering Rockford Memorial Hospital during the 
years 1926 to 1949 were studied, and the following conclusions were reached: 

1. The results of treatment in this small general hospital compare very favorably 
with those of large teaching institutions. 

2. Neither the technical proficiency of the operator nor the extent of the opera- 
tion had any effect on the five-year survival rate. 

3. Medial and lateral lesions behaved in a similar manner, both in pattern of 
spread and in five-year survival rate. We therefore question whether they should 
he treated differently. Until further evidence is forthcoming, we do not feel that 
the routine employment of mediastinal dissection for medially situated lesions is 
justified. 
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JEJUNAL DIVERTICULA 
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T HAS long been recognized that solitary or multiple diverticula of the small 

intestine exist in a small but appreciable number of the general population. It also 
is known that the great majority of these diverticula give rise to no clinical symptoms, 
being found at autopsy with no history of gastrointestinal dysfunction. When symp- 
toms are produced, they can usually be ascribed to a complication involving one or 
more diverticula (e. g., intestinal obstruction or perforation). Do simple, uncomp- 
licated diverticula of the small intestine give rise to definite clinical symptoms? 
Apparently so, but the occasion when these are recognized is rare. 

This report purports to review the subject of jejunal diverticula, including the 
symptomatology and possible complications, and to report two operative cases, with 
a description of the technique for local excision of a diverticulum with preservation 
of the mesenteric vascular supply. 

INCIDENCE 

Gerster,’ in 1938, found 187 cases of jejunal diverticula recorded in the literature. 

In 1950, Fox and colleagues * added seven cases, including two of their own. Since 


the reported cases represent in most instances complicated, symptomatic diverticula, 


the incidence of all jejunal diverticula, complicated or uncomplicated, will be higher 
than the reported cases would suggest. The reported incidence of jejunal diverticula 
in large series of autopsies ranges between 0.2% * and 0.57%.’ Diverticula are 
found on x-ray examination in a smaller percentage of the population; reported 
series give from 0.004% * up to 0.52%.° It will be noted that the latter figure of 
x-ray incidence approximates the quoted incidence at autopsy of 0.57%, suggesting 
that care in technique and a specific search for the diverticula are essential if they 
are to be identified by x-rays. Jejunal diverticula are found most frequently in 
persons over 50 years of age and are slightly commoner in males. Practically 
speaking, available evidence suggests that approximately 1 person in 200 has single 
or multiple jejunal diverticula and that a relatively small percentage of these produce 
clinical symptoms. 
ANATOMICAL FEATURES 

Acquired diverticula of the small intestine present a fairly constant anatomical 
picture insofar as the individual diverticulum is concerned, though there is a wide 
variation in the number of diverticula present in different cases. Whereas the con 
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genital species of diverticulum best exemplified by the Meckel diverticulum is char- 
acteristically situated on the antimesenteric border of the bowel and histologically 
is composed of all layers of the bowel wall, the acquired type of diverticulum 
characteristically occurs on the mesenteric side of the bowel and includes only the 
mucosal and submucosal layers of the bowel wall. Edwards * made an anatomical 
study of the acquired diverticulum and concluded that it represented a herniation 
of the mucosal and submucosal layers through a defect in the muscular layers on 
the mesenteric aspect of the bowel at the site of entrance of a mesenteric vessel. 
The individual diverticulum may be as small as 0.5 cm. or as large as 6 cm. in 
diameter ; regardless of size, however, the neck is usually short and narrow, and 
the communication between the lumen of the bowel and the diverticulum is corres- 
pondingly small. According to Benson and Waugh,’ jejunal diverticula greatly 
outnumber ileal (excluding the congenital Meckelian), the ratio being 5:1, and 


multiple diverticula outnumber solitary by approximately 2:1. 


Complications of Jejunal Diverticula 


Acute Mechanical Obstruction 


Enteroliths formed within diverticula 

From pressure of inflammatory mass associated with diverticulitis 
From volvulus of intestine 

From stricture of adhesions 

From pressure of filled diverticula on intestine 


Chronie Intestinal Obstruction 


A. Without apparent mechanical obstruction 
B. From stricture or adhesions 


Inflammatory Disturbances 


A. Oatarrhal inflammation 
B. Diverticulitis 
©, Gangrene 
1, Without perforation 
2. With perforation and peritonitis 


Intestinal Hemorrhage 


Rupture of Diverticulum 


A. Traumatic 
B. Spontaneous 


Foreign Bodies 


A. Bones, ete 
B. Parasites 
©. Enteroliths 


Neoplastic Disease 


A. Benign 
1. Fibroma 
2. Lipoma 


B. Malignant 
1, Carcinoma 
2. Sarcoma 
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CLINICAL PICTURE 

As mentioned previously, it would appear that the majority of acquired jejunal 
diverticula never become symptomatic. When symptoms are produced, they usually 
stem from one or more complicating factors. Benson and Waugh,® in reviewing 
122 cases of small intestinal diverticula, of which 105 involved the jejunum, sum- 
marized and classified the observed complications (Table). It can readily be surmised 
that the commonest complicating processes are (1) obstructive, (2) inflammatory, 
and (3) hemorrhagic, in that order of frequency. The incidence of the other observed 
complications—rupture, foreign body, and neoplasm—is very low. 

Obstruction may be sudden and acute in onset, resembling high mechanical 
obstruction from any other cause, with severe pain, vomiting, and subsequent pro- 
gressive metabolic derangement. When an inflammatory process, such as diver- 
ticulitis with or without perforation, is a factor in the obstruction, the clinical picture 
of a localized or generalized peritonitis will be superimposed on the obstructive 
condition. The inflammatory processes also may exist alone, producing localized 
pain and tenderness in the periumbilical area. Bleeding associated with jejunal 
diverticulosis may be slight, recognized only by examining the stools for occult 
blood, or it may be of such degree as to produce hematemesis. Braithwaite * reported 
such a case, which was treated by resection of the involved jejunum, with complete 
relief of the symptoms. 

In addition to the symptoms which can be attributed to the aforementioned 
complications, there appears to be an occasional case of jejunal diverticula in which 
the patient experiences definite symptoms in the absence of demonstrable inflam- 
mation or obstruction. Edwards’ reported the cases of five patients, all of whom 
complained of the same two outstanding symptoms: (1) vague abdominal pain 
occurring at an interval after meals, and (2) flatulence corresponding in time inci 
dence with the pain. In all five instances jejunal diverticula were demonstrated 
on x-ray examination of the small intestine. Two patients were operated upon, 
with complete relief of these symptoms. Benson and Waugh °® also described a 
syndrome of constipation, flatulence, and abdominal discomfort associated with 
jejunal diverticula and suggest that operative intervention may be indicated. 


DIAGNOSIS 
The only definitive method of diagnosis of jejunal diverticula apart from surgery 
is by roentgenography. Formerly, the incidence of jejunal diverticula found in 
the autopsy room was from three to seven times that found by x-ray examination. 
However, more recently, according to Ritvo and Volta,’ with careful technique, 
the incidence of jejunal diverticula found on examination of the gastrointestinal 
tract by x-rays approximates that derived from autopsy statistics. At any rate, 
jejunal diverticula can now be demonstrated preoperatively in a high percentage 
of cases. 
TREATMENT 


The management of the patient with jejunal diverticula depends largely upon 


the presence and the severity of the associated symptoms. If symptoms are inter- 
mittent and of slight consequence to the patient, Bockus * recommends a medical 


regime, including rest, bland diet, and administration of bismuth, liquid petrolatum, 
and antispasmodics by mouth, and periodic courses of intestinal antibiotics when 
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indicated. Edwards’ believes that when definite symptoms can be attributed to 
jejunal diverticula, medical treatment will be of little value and that surgery is 
indicated. In most instances in which definite symptoms are produced, they are 
the result of a complication which itself dictates the course of action. In the event 
of surgical intervention, Edwards recommends resection of the involved bowel 
with primary end-to-end anastomosis for multiple or single diverticula, Benson 
and Waugh favor a side-tracking enteroenterostomy for extensive diverticulosis 
and primary resection with end-to-end anastomosis for solitary or localized 
diverticula. 

Although resection or side-tracking of the involved bowel may be indicated in 
extensive diverticulosis or in the presence of complicating factors, we believe that 


Figure 1 


the solitary uncomplicated diverticulum can be safely and easily removed, leaving 
the normal intestine intact. The peculiar anatomic features of acquired diverticula 
make the method of local excision herein described possible. The usual acquired 
diverticulum is situated on the mesenteric aspect of the bowel and is formed by 
the mucosal and submucosal layers of the bowel wall herniating through a small 
hiatus in the supporting muscular layers, to become situated between the layers of 
the mesenteric peritoneum (Fig. 1 4). Since the mesenteric peritoneum overlying 
the diverticulum is not a part of the wall of the diverticulum (which indeed has 
no peritoneal covering of its own), it can readily be reflected from the surface of 


the diverticulum in a flap which has its hinge base toward the root of the mesentery 
(Fig. 1B). With the diverticulum thus exposed, it is freed by blunt dissection 
from the contiguous mesenteric vessels down to its narrow neck, which is then 
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clamped and divided (Fig. 1 C). The neck of the diverticulum is closed with a 
continuous suture, and then the hiatus in the muscular layers through which the 
diverticulum protruded is closed with a few interrupted sutures. The previously 
reflected flap of peritoneum is then returned and sutured in place (Fig. 1 D). 

Since the diverticulum derives its blood supply from the submucosal vessels of 
the normal bowel, it has no primary vascular connections with the mesenteric 
vessels, and these are left undisturbed as the diverticulum is dissected free, thus 
preserving the blood supply to the contiguous bowel. 


REPORT OF CASES 

The following cases demonstrate the previously described symptom complex 
of postprandial abdominal discomfort (situated in the left upper quadrant in both 
cases), flatulence, and constipation, which other writers * have attributed to jejunal 
diverticula. Jejunal diverticula were demonstrated by x-ray study of the upper 
gastrointestinal tract in both cases preoperatively. The first patient had a single 
large diverticulum which was resected, with the use of the technique already described 
for preservation of the mesenteric vessels. The second patient had multiple jejunal 
diverticula, for which resection of the involved segment was carried out. 


That the solitary jejunal diverticulum was the cause of the first patient’s symp 


toms cannot definitely be assumed, since she had gallstones, which were removed 
at the same operation. 


Case 1.—A 58-year-old white woman was admitted to Hahnemann Hospital on Jan. 19, 
1953, with a chief complaint of “indigestion” of four years’ duration. The patient had been 
symptom-free prior to onset of this indigestion, which consisted of a bloated feeling of food 
sticking in the stomach after meals; this was usually accompanied by much belching and, at 
times, by dull pain in the left upper quadrant, radiating toward the left chest. There was n 
history of definite fat intolerance or jaundice, no nausea or vomiting. The patient was chronically 
constipated. 

Physical examination showed no remarkable findings other than moderate obesity. There 
were no masses or tenderness on abdominal examination. 

X-ray examination revealed moderately good function of the gall bladder, with multipl 
calculi present. Examination of the gastrointestinal tract (Fig. 24) revealed a large jejunal 
diverticulum in the proximal third of the jejunum; motility of the bowel was normal, and there 
was no evidence of obstruction or retention associated with the diverticulum. Routine studies 
of the blood and urine were not remarkable. 

On Jan. 24, 1953, laparotomy was performed. A large, chronically inflamed gall bladder 
with multiple calculi was removed. Inspection of the small intestine revealed a diverticulum in 
the proximal jejunum; the diverticulum was on the mesenteric aspect of the bowel and measured 
approximately 5 cm. in its greatest diameter, with a l-cm. orifice at its junction with the jejunum 
The diverticulum appeared grossly to consist of mucosal and submucosal layers which had 
herniated from the bowel wall into the space between the serosal layers of the mesentery. The 
diverticulum, therefore, was covered by serosa, although there was no actual herniation of 
peritoneum. A flap of peritoneum was reflected from the bowel at the site of the diverticulum 
and turned back on the mesentery; this exposed the diverticulum itself and permitted its com 
plete dissection down to its narrow junction with jejunum without compromising in any way the 
vascular supply of the contiguous bowel. The diverticulum was excised, and the jejunal defect 
was closed with two layers of interrupted chromic absorbable surgical sutures, care being taken 
to preserve an adequate lumen. The flap of peritoneum was then replaced over the suture line 
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in the jejunal wall and sutured with interrupted nonabsorbable surgical (silk) sutures. Exami- 
nation of the other abdominal viscera revealed no abnormalities. A normal appendix was removed. 
The abdomen was closed in routine fashion. 

The patient’s postoperative course was uneventful. Diet was confined to clear liquids for 
the first three postoperative days, with a soft diet on the fourth day and full diet on the seventh 
day. The patient was discharged from the hospital on the 10th postoperative day. This patient 
was seen after nine months and at that time was entirely free of symptoms. 


Case 2.—A 63-year-old white woman was admitted to Hahnemann Hospital on May 19, 1952, 
with a presenting complaint of pain in the left hypochondrial area for a month. Review of the 
patient’s past history revealed that she had had postprandial discomfort in the left upper abdomen, 


with belching, eructation, and occasional vomiting, for many years. The discomfort at times 
radiated to the left infrascapular area and was exacerbated by the ingestion of food and little 
relieved by antacids. She gave no history of hematemesis, melena, or loss of weight. A month 


Figure 2 


prior to admission the patient experienced an attack of pain in the left upper abdomen, and since 
then the discomfort had been persistent, with periodic exacerbation. 

An upper gastrointestinal x-ray was taken, which showed multiple jejunal diverticula. The 
stomach and duodenum were not remarkable (Fig. 2B). 

On May 23 an exploratory laparotomy was performed. In the proximal jejunum were found 
multiple diverticula involving a segment of bowel about 1% ft. (45 cm.) in length. The 8 or 10 
diverticula were situated on the mesenteric aspect of the bowel and varied in diameter from a 
few millimeters to 2 cm. No other intra-abdominal pathology was found. The pathologic seg- 
ment of jejunum was resected, and a primary side-to-side anastomosis was carried out. A 
pathologic diagnosis of chronic jejunal diverticulitis was later made. 

Postoperatively, the patient was kept on continuous gastric suction, parenteral fluids, and 
antibiotics. Suction was discontinued on the third postoperative day. Liquids were given orally 
on the third day and a soft diet on the eighth day. The temperature reached a maximum of 
99.8 F. on the second day after operation and was normal after the fourth day. Convalescence 
was uneventful, and the patient was discharged on the 10th postoperative day. On follow-up 
examination one year later, this patient was free of all symptoms referable to her gastrointestinal 
tract. 
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SUMMARY 
The incidence of acquired jejunal diverticula in the general population is approxi- 
mately 0.5%. 
The acquired diverticulum characteristically is composed of mucosal and sub 
mucosal coats which have herniated through a hiatus in the muscular layers of the 


intestine at the site of entrance of a mesenteric vessel. 


Jejunal diverticula rarely cause symptoms; when produced, these usually are 


the result of a complication such as obstruction, inflammation, or hemorrhage. 

Uncomplicated jejunal diverticula may be causative in the production of a 
symptom complex consisting of postprandial abdominal discomfort, flatulence, and 
constipation. 

Jejunal diverticula, whether symptomatic or symptomless, can be demonstrated 
roentgenographically in a high percentage of cases. 

When definite symptoms can be traced to jejunal diverticula, surgical treatment 
usually is indicated. This consists of primary resection or side-tracking in the 
case of extensive or complicated disease. For the solitary symptomatic diverticulum, 
we suggest a simple method of local excision based on an understanding of the 
peculiar anatomic features of this condition. 

Illustrative case reports are presented. 
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KE MORRHAGE has always been a limiting factor in resective or traumatic sur- 

gery of the liver.* Despite the development of absorbable hemostatic agents 
such as oxidized cellulose (Oxycel), fibrin foam, or absorbable gelatin sponges, 
extensive surgery of the liver is usually performed in large institutions by a relatively 
few surgeons.j Even then, it may be limited to total left lobectomy or readily availa- 
ble nodules on the surface of the right lobe.'* This limitation is due primarily to inade- 
quate methods of hepatic hemostasis. [ven with all of the artificial aids and the 
almost routine use of strangulating mattress sutures, exsanguination can occur from 
biopsies or relatively small resections. 

In cases of severe trauma, either from a shearing force or penetrating missiles, 
the problem of hemorrhage is even more acute.{ A small penetrating wound in 
which bleeding is easily controlled by packing is unusual. Often, there is a ragged 
irregular tear in the liver capsule and parenchyma which defies routine suture and 
may require either local lobe resection or large amounts of hemostatic material to 
control bleeding. [ven with packing and careful observation, hemorrhage from a 
traumatized raw liver surface can recur with disastrous results.'° 

Clinically, it has been noted that the bleeding from a raw granulating surface 
can be controlled by split-thickness skin covering. Grafts placed on a raw surface 
whose granulations have just been surgically débrided act as a hemostatic agent as 
well as skin coverage. This clinical observation suggested that split skin might be 
used in a similar manner to control the hemorrhage from the cut liver surface, and 


thus remove some of the former limitations to liver resection and open the path 


for removal of extensive primary and metastatic liver tumors. Traumatic liver 
surgery would also be simplified, if hemorrhage could be controlled and raw liver 
surface covered with the use of split-thickness skin grafts. A series of acute animal 
— 
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experiments was undertaken to demonstrate whether or not such grafts could 
effectively control liver hemorrhage of both traumatic and resective origin, and 
permanently resurface raw liver parenchyma. 

ANATOMICAL CONSIDERATIONS 


The dog liver is divided into three primary lobes: a large middle lobe and smaller 


right and left lateral lobes. The middle lobe is usually partially bifid and contains the 


gall bladder on its ventral surface. The liver is recessed well beneath the costal 
margin, and the middle lobe is most readily available to surgical exploration. Unlike 
the human liver the left lobe of the dog liver is large, and with the middle lobe makes 
up approximately 70% of the entire liver parenchyma. The right lobe, however, is 
small and more nearly compares to the isolated left side of the human liver. 


EXPERIMENTAL TECHNIQUE 


Fifteen mongrel dogs of both sexes, weighing between 8 and 10 kg., were used during the 
experiments. No preoperative dietary or chemotherapeutic measures were taken to protect the 
liver or increase the circulating blood volume. All the animals were routinely shaved from the 
sternal notch to the pubis and to the midlateral lines. The skin was prepared with pHisoderm 
(a soapless, sudsing detergent cream) and aqueous benzethonium (Phemerol) chloride, and 
routine sterile technique was maintained throughout. 

At the beginning of each procedure, a No. 18-gauge hypodermic needle was placed in the 
right greater saphenous vein, and a constant drip of 5% dextrose in water was begun. Anesthesia 
was obtained by the intravenous injection of veterinary pentobarbital (Nembutal), the amount 
depending upon body weight, and an endotracheal tube inserted to allow mechanical insufflation 
of the lungs. 

Surgical exploration was performed through a combined right thoracoabdominal approach, 
which gave an excellent exposure of the liver. The split-thickness skin grafts were routinely 
taken from the most hairless areas of the midabdomen. These grafts taken by the Brown 
Flectro-Dermatome, measured 1oo9 to 14000 in. (.0495 to .0594 cm.) in thickness, and in every 
instance there was primary healing of the donor site. 

During surgery, these animals received 5% dextrose in water in varying amounts, but no 
autotransfusions or homologous transfusions were used to support the blood pressure or prevent 
exsanguination. All wounds were closed in layers with continuous nonabsorbable surgical (silk) 
sutures without drainage. Postoperatively, all experimental animals received 300,000 units of 
procaine penicillin for three days, and a high protein diet of raw horse meat and meal, which was 
supplemented by powdered vitamin C and minerals. 

During the first series of five experiments, approximately one-half of the presenting lobule of 
the middle lobe of the liver was resected (Fig. 1 C). In every instance, at least three separate 
arterial bleeding points were noted, as well as a profuse generalized venous ooze. The split-skin 
grafts were then sutured, raw surface down, to the liver capsule at the margin of the resected 
lube with running nonabsorbable surgical (silk) sutures (Fig. 1D). Aside from the use of the 
skin graft, no attempt was made to surgically control the arterial or venous bleeding from the 
raw surface of the liver, nor were hematomata evacuated from beneath the graft. After grafting 
was completed, the chest and abdomen were closed in the routine manner 

Similarly, a second series of experiments were conducted to test the hemostatic properties 
of split-thickness skin in simulated war injuries. In five animals exploration was done through a 
thoracoabdominal approach, and an abdominal trocar measuring 8 mm. in diameter was driven at 
random through the thickest portion of the presenting middle lobe of the liver (Fig. 1A). 
Bleeding in each instance was vigorous. Split-thickness skin grafts were rolled into a tube, with 
the raw surface out and passed through the defect. These grafts were anchored to the capsule 
of the liver on both the superior and the inferior surface of the lobe with single fixation non- 
absorbable surgical (silk) sutures and the incisions were closed. No mattress sutures or absorb 


able hemostatic agents were used to help control hepatic hemorrhage 
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In the final series of five experiments, the middle lobe of the liver was manually torn in five 
animals (Fig. 18). The resulting jagged laceration involved the entire thickness of the liver 
lobule and, in one instance, divided the lobe virtually in two separate segments. Bleeding was 
massive and was composed of both arterial and venous blood. Split-thickness grafts were folded 
and used as a wedge between the opposing raw surfaces of the torn liver. These grafts were fixed 
by two nonabsorbable surgical (silk) sutures to the capsule of the superior and inferior surface 
of the liver 

RESULTS 

In this series of 15 acute experiments, there was no operative mortality ; all the 
animals remained well throughout the entire period of observation. Two weeks 
after the original operation, reexploration was done to determine the immediate fate 
of the split-thickness grafts. All of the grafts “took” well and appeared to be firmly 


H sutured to row surface of resected lobe. 


Fig. 1.—A, experimental method of traumatizing the liver with use of an abdominal trocar. 
B, a traumatic laceration of the middle lobe of the liver. C, experimental resection of approxi- 
mately one-half of the presenting lobule of the middle lobe of the liver. D, split-thickness skin 
graft sutured over the raw surface of the liver with a continuous suture of silk. 


fixed to the liver surface. In those areas where the skin had slightly overlapped the 
liver capsule, the cyst formation described by Horton was beginning.'t Adhesions 
between omentum and the graft were present in four cases only. No hematomata 
or subphrenic abscesses were encountered, nor was there any evidence of persistent 
biliary drainage or fistula formation. 

After these secondary explorations, the animals were operated upon a third time 
at intervals from four weeks to four months after original liver surgery, and final 
control experiments were carried out. From each group of animals, the healthiest 
dog was selected and the original operation was repeated. The left lobe, or the 
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Fig. 2.—Autopsy photograph of a grafted liver lobule taken four months after resection and 
primary grafting. 


Fig. 3.—Photograph of the liver taken at autopsy, showing the marked contracture of the 
split-thickness skin graft. The grafted lobule is directly above a freshly resected lobe of approxi- 
mately the same size as the original area of resection covered by the graft 
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Fig. 4.—Photomicrograph showing the skin “taken” on the normal liver. There is no meta- 
plasia of the graft or invasion or replacement of the graft by the underlying liver tissue; « 75 


Fig. 5.—-Photomicrograph of encysted skin in an area where the graft overlapped the liver 
capsule, The cyst is filled with sebaceous material and some cellular debris; x 75. 
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remaining lobule of a bifid middle lobe was resected, as in the original experiment, or 
punctured with a trocar, or torn manually. No effort was made to control hemor- 
rhage, and all animals rapidly exsanguinated and died. 

After death from exsanguination, autopsies were done on the animals, and 
microscopic sections of the grafted liver were taken. Gross pathologic examination 
revealed the grafts had remained intact, though markedly contracted (Figs. 2 and 3). 
Microscopically, there was no evidence of metaplasia seen in the original grafts, 
nor had the grafts shown any evidence of replacement by regenerating or abnormal 
liver tissue (Fig. 4). Some definite cyst formation was observed wherever the 
graft overlapped the parietal peritoneum or the liver capsule. These cysts were small 
and filled with a squamous cellular detritus similar to that contained in the seba- 
ceous or epithelial inclusion cysts (Fig. 5). The marked contraction present on all 
the free-grafted surfaces has been noted before,$ and was particularly evident on 
the resected lobes of the liver. By the usual mechanism of scarring and wrinkling, 
the grafts were reduced to less than 30% of their original size (Fig. 2) 


COMMENT 

Successful cases of resective and traumatic surgery of the liver have occasion 
ally appeared in the literature since 1874.’ In almost every instance, the success 
or failure of the operative procedure depended not only upon the size of the tumor 
but also upon adequate control of liver bleeding. Many methods of control have 
been proposed, but none have proved universally successful. 

Simple cautery excision, which seared the resected liver surface, was done as 
early as 1886, and in 1896 Kousnetzoft and Pensky introduced the use of large 
mattress sutures on blunt needles.|| This method is used widely, and if combined 
with absorbable hemostatic agents such as absorbable gelatin sponge (Gelfoam) or 
oxidized cellulose, it has been one of the more successful of the known methods of 
control.’ Wangensteen ** has proposed the temporary compression of the hepato- 
duodenal ligament to help control hemorrhage, but this must be brief if “liver 


shock” or the so-called hepatorenal syndrome is to be prevented. The present 


technique of hepatic hemostasis that is generally accepted can be divided into four 
major steps: 


1. Insertion of large through-and-through mattress sutures into the liver parenchyma at some 


distance from the proposed line of resection, which are tied “tight but not too tight.” 4 
2. Individual ligation of any residual bleeding points 
3. Use of hot saline packs to control any persistent venous oozing 


4. Closure of the raw liver surface over absorbable hemostatic packs of oxidized cellulose 
or fibrin foam. 


While acceptable, none of these methods are consistent with good surgical prin 
ciples. Large amounts of tissue are strangulated. Postoperative drainage is profuse, 
and permanent biliary fistulae may occur. Surgical trauma secondary to hemostatic 
control may produce further liver damage and depress liver reserve beyond the 
irreducible minimum. While the so-called “liver death syndrome” is usually attri 
buted to general debility and lowered reserve, trauma and shock secondary to 
attempts at hemostasis may well play an important role. 


§ References 11 and 12. 
| Kousnetzoft and Pensky, cited by Warvi.' 
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The advantages of the use of skin as a hemostatic agent in liver surgery are in 
its availability and ease of application. Grafts may be taken from any adjacent sur- 
face, and, if taken prior to resection, the graft is ready for instant use. Since the 
graft adheres readily to the raw liver surface, simple running sutures between the 
graft and liver capsule are sufficient, and the time-consuming use of multiple 
mattress sutures in friable and highly vascular liver parenchyma is avoided. Drain- 
age is unnecessary, and biliary fistulae, extensive adhesions, or abscess formation has 
not occurred. Postoperatively, the grafted skin serves as a substitute for the liver 
capsule, and as the inevitable contracture of the graft occurs, only about 30% of 
the graft remains as a possible source of adhesions. 


SUMMARY AND CONCLUSIONS 

Acute liver hemorrhage from the resected surface of the liver or from an experi- 
mentally traumatized liver lobule can be controlled by split-thickness skin grafting. 
The exact hemostatic action of split-thickness skin is unknown, but it has been 
repeatedly observed on granulating surfaces. Regardless of the physiologic action 
of skin, hemorrhage can be clinically controlled in critical experiments, which 
otherwise would lead to exsanguination, as shown with the control animals. 

Not only can hemorrhage be readily controlled, but split-thickness skin is easier 
to use than many of the hemostatic agents now popular. Suturing is simplified, as 
the grafts can readily be tacked to the surrounding liver capsule. Foreign material 
and absorbable agents, such as absorbable gelatin sponge (Gelfoam) are not neces- 
sary if the raw surface is completely covered. 

Postoperatively, the grafts over a resected lobe, within a puncture wound or liver 
laceration “take” readily and thus give a permanent capsule-like covering to the 


liver. After the graft has taken, this new capsule has shown no evidence of replace- 


ment by liver tissue. Secondary hemorrhage has never occurred, nor have biliary 
fistulae been seen. No complications have been seen either from intra-abdominal 
adhesions or from the abdominal donor site. The only abnormality found in the 
experimental animal after grafting was a small cyst formation in areas where the 
graft overlapped the parietal or visceral peritoneum. 


REFERENCES 
1. Warvi, W. N.: Primary Tumors of the Liver, Surg., Gynec. & Obst. 80:643-650, 1945. 
Stone, P. W., and Saypol, G. M.: Partial Hepatectomy, Surg., Gynec. & Obst. 95:191-200, 
1952 
3. De Weese, M. S., and Lewis, C., Jr.: Partial Hepatectomy in the Dog, Surgery 30:642 
651, 1951. 
4. Brunschwig, A., and Smith, R. B.: Large Hemangioma of the Liver, Ann. Surg. 135:124- 
126, 1952 


5. Wilson, L. T., and Tyson, W. T.: Massive Hemangioma of the Liver, Ann. Surg 


135: 765-774, 1952. 


6. Foy, P. F., and Cella, L. E.: Hemangio-Endothelioma of the Liver, Ann. Surg. 134: 1042- 
1046, 1951. 

7. Jenkins, H. P., and Janda, R.: Studies on Use of Gelatin Sponge or Foam as a Hemo- 
static Agent in Experimental Liver Resection and Injuries to Large Veins, Ann. Surg. 184: 1042- 
1046, 1951. 


8. Pilcher, L. W.: Massive Rupture of the Liver, Ann. Surg. 116:827-832, 1942 





CONTROL OF LIVER HEMORRHAGE 


9. Localio, S. A., and Saltz, N. J.: Regeneration of Liver Following Massive Destruction as 
a Result of Trauma, Surgery 27:282-287, 1950. 


10. Mikal, S., and Papen, G. W.: Morbidity and Mortality in Ruptured Liver, Surgery 
27:520-525, 1950. 

11. Horton, C.; Georgiade, N.; Campbell, F.; Masters, F., and Pickrell, F.: Behavior of 
Split Thickness and Dermal Grafts in the Peritoneal Cavity, Plast. & Reconstruct. Surg. 12:269- 
278, 1953. : 

12. Ferraro, V.: Experimental Autoplastic and Homoplastic Implantation of Skin on Internal 
Organs and Muscles, Arch. sc. med. 51:149-162, 1927. 

13. Wangensteen, O. H.: Cancer of Esophagus and Stomach, New York, American Cancer 
Society Inc., 1951, pp. 94-97. 

14. Pickrell, K. L., and Clay, R. ¢ Lobectomy of the Liver: Report of Cases, Arch. Surg 
48 : 267-277, 1944 





PHOSPHOLIPID SYNTHESIS IN PATIENTS WITH PANCREATIC DISEASE 


Radioactive Phosphorus As Measure 


GEORGE L. NARDI, M.D. 
BOSTON 


"| SHE ROLE of the pancreas in fat metabolism has occupied the attention of 
both clinician and investigator since Fisher’s! demonstration in 1924 that 
pancreatectomized dogs maintained on insulin succumbed with fatty livers to a 
condition other than diabetes. 

Parenteral injection of ethionine, which specifically produces necrosis of the 
acinar cells of the pancreas, resulted in fatty livers in female rats.’ 

Ivy * has raised the question whether such changes ever occur in the human 
subject. 

Numerous reports in the literature, however, suggest that pancreatic disease 
may result in pathological liver changes in man, as well as in animals. 

Portal cirrhosis of the liver has been reported in association with pancreatic 
lithiasis by Feissinger and Olivier,* Valléry-Radot ° and co-workers, and Wither- 


spoon.° 


Roux * described a man with pancreatic lithiasis who had an enlarged fatty liver 


with ascites. Improvement occurred in the ascites when the patient was given 
pancreatic extract. 


8 found excess liver fat in 17 out of 26 cases with 


Edmondson and colleagues 
pancreatic calculi. The fatty change was associated with alcoholism and/or cirrhosis 
in 15 cases and with diabetes in 1 case. 

Sanes and associates *° reported seven cases of pancreatic lithiasis, ductal obstruc- 
tion, and parenchymatous atrophy and fibrosis which showed marked fatty change 
and/or portal cirrhosis in the liver. Similar liver changes were also noted with 
primary pancreatic lesions other than lithiasis, i.e., carcinoma, fibrosis, cysts, 
chronic inflammation, and congenital cystic fibrosis. 

Snell and Comfort *° described three cases of enlarged liver believed due to fatty 
changes in a series of 18 patients with pancreatic stones. Sharp" reported a case 
of fatty metamorphosis of the.liver associated with pancreatic calcification. 

Cole and Howe '* were so impressed with this potential relationship that they 
coined the term “pancreatico-hepatic syndrome.” 

Anderson '* concluded that the changes seen in the liver in cystic fibrosis of the 
pancreas are secondary to changes in this organ. 

nee 
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In the nutritional disease of the Bantu known as kwashiorkor, inflammatory 
pancreatic changes are frequently seen in association with fatty infiltrations of the 
liver. Himsworth ** feels that these hepatic changes are due to the lack of some 
substance which normally prevents the accumulation of fat in the liver. 

In juvenile diabetes mellitus, hepatomegaly has been observed and successfully 
treated with pancreatic extract.’® 

In an attempt to clarify the value of this metabolic defect, Barker and associates '* 


studied the rate of phospholipid formation in depancreatized dogs with radioactive 


phosphorus. They found a diminished ability to synthesize plasma phospholipid 


in these animals. 

A study of the incorporation of radioactive phosphorus into the plasma phospho 
lipids of patients with pancreatic disease was undertaken to see whether a defect in 
phospholipid synthesis similar to that observed by Barker and colleagues '* in dogs 
could be found in the human with pancreatic dysfunction. My findings suggest that 
pancreatic disease may result in metabolic disturbances of phospholipid synthesis 
in man, 

A total of seven patients were studied, 

Five had pancreatic disease. Of this group, two had carcinoma of the pancreas, 
two had chronic pancreatitis—one with clinical evidence of pancreatic insufficiency 
The fifth had had a total pancreatectomy for a retroperitoneal sarcoma six months 
previously.*’ Two other preoperative patients on the hospital wards with no evidence 


of pancreatic or hepatic disease were utilized as controls. 


METHODS AND CALCULATIONS 


Five patients with pancreatic disease were studied (clinical histories appended). Determina 
tions were done with the patients fasting, and prior to surgery. Simultaneous studies were done 
on two other patients, who served as “controls.” One was a 40-year-old man with minimal 
peripheral vascular disease ; the second was a 60-year-old man undergoing routine gastrointestinal 
studies. They were in apparent good health and were receiving a standard hospital diet. Each 
patient was given 300 uc of P%2 in the form of NaH2P*20,.* Blood samples were taken at vary 
ing time intervals over a period of 72 hours. 

The drawn blood was promptly centrifuged, the plasma removed, and 10 cc. portions pre 
cipitated with 9 cc. of 10% trichloroacetic acid. The supernatant fluid was removed for determi 
nation of the plasma inorganic phosphorus (by the method of Fiske and Subbarow '*). Aliquots 
of this supernatant fluid were plated and the radioactivity was determined with a Geiger-Miller 
counter (expressed as “counts per minute” ). 

The trichloroacetic acid precipitate was then analyzed for phospholipid according to the method 
of Friedlander.’® Aliquots of this material were then plated and the radioactivity assayed 

The concentrations of radioactivity in the inorganic and phospholipid fractions are expressed 
as specific activities (“units” of radioactivity per milligram of phosphorus). Calculations were 
carried out by the method of Barker and co-workers,!® in which P®?2:P*! ratio of the inorganic 
fraction is plotted and the straight-line portion of the curve is extrapolated back to zero time, 
giving a measure of the amount of radiophosphorus as inorganic phosphate which would have 
been available if complete mixing of all the ultimately available phosphorus had occurred immedi 
ately. The values for phospholipid phosphorus specific activity were then divided by the deter 
mined zero time, inorganic radiophosphorus values and results being expressed as plasma 
phospholipid specific activity ratio. This value is indicative of the amount of new phospholipid 
which has been added to the plasma since the administration of the radiophosphorus 

—————— 

* The biophysical laboratories of the Harvard Medical School, under Dr. A. K. Solomon, 

processed the radiophosphorus 
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COMMENT 
The findings are summarized in the Table. The patients with carcinoma of the 
pancreas, pancreatic insufficiency, and total pancreatectomy all had a reduced rate 


of phospholipid synthesis, as compared with the controls. One patient with chronic 


pancreatitis but no evidence of pancreatic insufficiency (S.T.) had a normal rate 
of phospholipid synthesis. 


Summary of Findings for Phospholipid Synthesis 


Time, Plasma Inorganic Phosphorus Plasma Phospholipid Phosphorus 

Hours , 

After Radlo- Phos Specific Radio Phos- 

Injee- activity, phorus, Specific Activity activity, phorus, Specific Specific 

tion Ots Mg./100 Activity > 100 at Cts. Mg./100 Activity Activity 
Patient Pp? Min./Ce. Ce x 100 0Time Min./Ce Ce <x 100 Ratio 


Control 1 . , 2 161 8,470 800 chee 15.0 Seika , 
29.9 5 665 1.0 11.6 10.3 0.084 
12.8 291 11.6 10.6 110.0 0.362 
6.8 8.7 184 14.9 14.2 105.0 0.850 
7.0 159 10.3 306.0 1.02 


Control ,2 © 13.9 2.4! 7 7 100 74 0.246 
5.5 2. 245 3.4 9.0 488 1.63 
2.2 i 73 § 10.0 DAT 1.82 
G. R.: Carcinoma of 
pancreas 5.75 26,900 28 ,000 45 52 0.019 
25,000 nO 2, 0.077 
24,400 of 52 0.104 
22,000 2, nO 0.144 
26,200 24 DO , 0.157 
D. E.: Carcinoma of 
pancreas 5 J 7.6 25,750 7 17.5 ‘ 0.017 
6,590 § 16.1 ,7 0.317 
4,440 13 OBS 0.194 
3,465 2 0.335 
B. 0.: Chronic pancrea 
titis with pancreatic 
insufficiency 
0.028 
552 0.276 


546 0.275 


kK. U Total pancrea 
tectomy . r 3.5 52,500 17,000 ‘ 560 0.083 
20,000 OF 1,040 0.114 
8,830 ‘ 8,230 0.190 
8.550 f 9. 1.540 0.267 
5,000 5 4,000 0,235 
4,550 f 3,930 0.231 
8. T.: Chronie pancrea 


titis without pancreatic 
insufficiency 


Observations carried out beyond 72 hours resulted in a continuous drop in 
phospholipid activity, suggesting that synthesis of administered radiophosphorus 
had reached a peak prior to this time. 

Radioactive phosphorus has been used extensively as a measure of phospholipid 
metabolism.¢ A wide variation has been found in different subjects,?° however ; so 
caution is necessary in interpreting the results obtained in a small group of patients. 


cc 


+ References 16, 20, 21, and 22 
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Our findings suggest that in man, severe pancreatic disease may result in a 
disturbance of fat metabolism similar to that observed by Barker and his associates ** 
in depancreatized dogs. 

SUMMARY 


The rate of synthesis of radioactive phosphorus into plasma phospholipid was 


determined for five patients with pancreatic disease. 

This rate of synthesis was diminished as compared with that for two normal 
(control) patients. 

CLINICAL ABSTRACTS 

G. | Carcinoma of pancreas. 

A 55-year-old Italian furniture mover with jaundice, pruritus, dark urine, and “white” stools 
of two weeks’ duration 

A van den Bergh test showed 13.2 to 17.4 mg. of bilirubin per 100 cc. of serum. Bile was 
present in the urine. A stool specimen was positive for occult blood. 

Gastrointestinal x-rays demonstrated a pressure defect on the medial aspect of the second 
portion of the duodenum compatible with a carcinoma of the pancreas 

At laparotomy this diagnosis was confirmed and a paucreatoduodenal resection was performed 

Pathological report indicated “Adenocarcinoma of the head of the pancreas, metastatic to 10 
of 11 peripancreatic nodes. . On multiple sections the glandular tissue was firm, yellowish-tan, 
and of normal lobular pattern except for an indistinctly defined area, 2 cm. in diameter, surround 
ing the common bile duct as it passes through the head of the pancreas. In this area the gland is 
composed of somewhat gritty, glistening yellowish tissue in which normal architecture 1s 
obscured, and there are opaque yellow flecks and streaks, resembling fat necrosis 

D. E.—Carcinoma of pancreas 

\ 54-year-old man with jaundice of five days’ duration 

A van den Bergh test showed 18 to 26 mg. of bilirubin per 100 cc. of serum. Bile was present 
in the urine. Gastrointestinal x-rays showed extrinsic pressure on the medial aspect of the second 
and third portions of the duodenum 

\ preoperative diagnosis of carcinoma of the pancreas was confirmed at the time of lapa 
rotomy. A pancreatoduodenal resection was done. 

Pathological report revealed an adenocarcinoma of the head of the pancreas with metastases 
to 5 of 15 lymph nodes. The segment of the body of the pancreas appeared normal 

B. O.—Chronic pancreatitis with pancreatic insufficiency. 

A 48-year-old man was first admitted to the hospital in 1950 with a five-year history of post 
prandial epigastric distress and jaundice, for which he had had a cholecystectomy, without 
relief. 

Exploratory laparotomy arid choledochostomy failed to reveal any abnormality except for 
pancreatic edema. 

Because of recurrent pain, he was rehospitalized in 1951 and a diagnosis of chronic pan 
creatitis established. 

In 1952 continued pain resulted in rehospitalization. Pancreatic calcification was noted by 
x-rays. He was treated conservatively with a medical regimen. 

After one month, increasingly severe abdominal pain required a fourth hospitalization. Because 
of the presence of a duodenal ulcer shown by x-rays, subtotal gastrectomy and vagotomy were 
performed in the hope of providing the best treatment for both the ulcer and the pancreati 
inflammation. 

Over a period of six months, the patient noted little relief as a result of his surgery. He was 
admitted for the fifth time. Splanchnic block was inconclusive. Exploration was again carried out 

The pancreas was massively swollen and edematous. There was a great deal of fibrosis and 
edematous inflammatory tissue. The ampullary sphincter was divided and the pancreatic duct 
dilated. 
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He did well for three weeks after discharge and then required an emergency operation with 
lysis of adhesions for intestinal obstruction. Postoperatively the patient did very poorly, developed 
electrolyte imbalance, and died on his 19th postoperative day. 

At autopsy he was found to have cholangitis, multiple hepatic abscesses, bronchopneumonia, 
a large calculus in Wirsung’s duct, and chronic pancreatitis with fibrosis. 

In the course of his disease he had developed diabetes, pancreatic insufficiency, and narcotic 
addiction. 

The phospholipid studies reported here were done at the time of his fifth hospitalization, 
prior to the transduodenal sphincterotomy. 


K. U.—Total pancreatectomy. 

A 33-year-old electrician complained of an asymptomatic left upper quadrant mass he had 
noted for two weeks. 

Physical examination revealed a firm, nontender, nonmovable mass filling the entire left 
upper quadrant. 

X-rays showed this mass to be extrinsic to the gastrointestinal tract. It displaced the stomach 
anteriorly and the splenic flexure inferiorly 

Laparotomy revealed a large retroperitoneal sarcoma involving spleen and pancreas. A block 
resection of the mass, including the spleen, body, and tail of the pancreas, was carried out. Tumor 
thrombus was found in the splenic vein at the point of division, and frozen section revealed tumor 
tissue in the cut edge of the pancreas. Resection of the duodenum and head of the pancreas was 
then done. 

The patient had an uneventful postoperative course and was discharged home on his 28th 
postoperative day. He required 10 units each of protamine zinc and crystalline insulin to control 
his diabetes 

He was readmitted for metabolic studies after six months. The reported observations were 
done at this time. Clinically he was free of recurrence, 

He was again hospitalized one year after operation, at which time he died with massive 
recurrence. 

S. T.—Chronic pancreatitis with pancreatic insufficiency. 

A 71-year-old retired salesman with indigestion of 15 years’ duration and intense right upper 
quadrant pain for 3 weeks. He had noticed that his stool had become very light in color, while 
his urine had darkened. 

At physical examination the gall bladder was easily palpable 

A van den Bergh test showed 16 to 24 mg. of bilirubin per 100 cc. of serum. Bile was present 
in the urine. Serum amylase was 83 units per 100 cc. (normal maximum is 40 units per 100 cc.) 
Stools were positive for occult blood. 

At the time of operation a mass was found in the pancreas. This was presumed to be a 
carcinoma. In view of his age and electrocardiographic evidence of a myocardial infarct, resection 
was not attempted, but a palliative cholecystojejunostomy was performed. 

Postoperatively, the jaundice rapidly subsided. He made an uneventful postoperative recovery 
and has remained active and completely asymptomatic for 15 months. In retrospect, the mass 
found at the time of operation was probably inflammatory rather than neoplastic. 


REFERENCES 


1, Fisher, N. F.: Attempts to Maintain Life of Totally Pancreatectomized Dogs Indefinitely 
by Insulin, Am. J. Physiol. 67:634, 1924. 

2. Popper, H., and de la Huerga, J.: Hepatic and Pancreatic Lesions Due to Conditioned 
Amino Acid Deficiency, Proc. Int. Med. Chicago 19:152, 1952. 


3. Ivy, A. C.: Certain Aspects of Applied Physiology of External Pancreatic Secretions, 
Am. J. Digest. Dis. 3:677, 1936. 

4. Feissinger, N., and Olivier, H. R.: Sur un cas di lithiase du pancréas, Bull. et. mém 
Soc. méd. hop. Paris 49:1389, 1933. 

5. Valléry-Radot, P.; Miget, A., and Gauthier-Villars, P.: Lithiase et adipose du pancréas 
associées, Bull, et mém. Soc. méd, hop, Paris 49:1118, 1933. 

6. Witherspoon, J.: Pancreatic Lithiasis, South. M. J. 30:1064, 1937. 


730 





PHOSPHOLIPID SYNTHESIS 


7. Roux, J. C.: A propos d’un cas de lithiase pancréatique avec diarrhée graisseuse, ascite, et 


cedéme: de l’adipose du foie consécutive a certaines lésions du pancréas, Arch. mal. app. digest 
28:527, 1938. 

8. Edmondson, H. A.; Bullock, W. K., and Mehl, J. A.: Chronic Pancreatitis and Lithiasis, 
Am. J. Path. 26:37, 1950. 

9. Sanes, S.; Miller, D. K.; Brason, F. W., and Geist, O. B.: Fatty Changes and Cirrhosis 
of the Liver in Patients with Pancreatic Lithiasis, Arch. Int. Med. 85:980, 1950 

10. Snell, A. M., and Comfort, M. W.: Incidence and Diagnosis of Pancreatic Lithiasis 
Review of 18 Cases, Am. J. Digest. Dis. 8:237, 1941. 

ll. Sharp, R. L.: Fatty Metamorphosis of the Liver Associated with Pancreatic Calcification 
Case Report, Gastroenterology 20:647, 1952. 

12. Cole, W. H., and Howe, J. S.: Pancreatico-Hepatic Syndrome, Surgery 8:19, 1940 

13. Anderson, D. H., and Hodges, R. G.: Celiac Syndrome: Genesis of Cystic Fibrosis of the 
Pancreas with a Consideration of Etiology, Am. J. Dis. Children 72:62, 1946. 

14. Himsworth, H. P.: The Liver and Its Diseases, Harvard University Press, Cambridge, 
1950, p. 98. 

15. Grayzel, H. G., and Radwin, L. S.: Hepatomegaly in Juvenile Diabetes Mellitus Treated 
with Pancreatic Extract, Am. J. Dis. Child. 50:22, 1938 

16. Barker, W. F.; Rogers, K. E., and Moore, F. D.: Effect of Pancreatectomy on Phos 
pholipid Synthesis in the Dog, Arch. Surg. 61:1151, 1956 

17. Nardi, G. L.: Metabolic Studies Following Total Pancreatectomy for Retroperitoneal 
Leiomyosarcoma, New England J. Med. 247:548, 1952 

18. Fiske, C. H., and Subbarow, Y.: Colorimetric Determination of Phosphorus, J. Biol 
Chem. 66:375, 1925. 

19. Friedlander, H. D.; Chaikoff, I. L., and Entenman, C.: Effect of Ingested Choline on 
the Turnover of Plasma Phospholipids, J. Biol. Chem. 158:231, 1945. 

20. Cornatzer, W. E., and Cayer, D.: Effects of Lipotropic Factors on Phospholipide Turn 
over in the Plasma of Normal Persons as Indicated by Radioactive Phosphorus, J. Clin. Invest 
29: 534, 1950 

21. Cornatzer, W. E., and Cayer, D.: Effects of Lipotropic Factors on Phospholipide Turn 
over in the Plasma of Patients with Cirrhosis of the Liver, as Indicated by Radiocative Phos 
phorus, J. Clin. Invest. 29:542, 1950 

22. Cayer, D., and Cornatzer, W. E.: Use of Lipotropic Factors in the Treatment of Liver 
Disease, Gastroenterology 20:385, 1952 





VENOUS GANGRENE WITH THROMBOSIS OF THE 
INFERIOR VENA CAVA 


Report of a Case 


JAMES MYHRE, M.D. 
AND 


R. S. YLVISAKER, M.D. 
MINNEAPOLIS 


HE FRENCH! have for some time considered gangrene of venous origin a 

rare but real entity and include it in the differential diagnosis of the causes of 
gangrene. The Argentinians* have written about it, too. Standard American text- 
books * on vascular diseases devote a few sentences to it, and each mentions a case 
of its own. Haimovici,® in an excellent review in 1950, collected 28 cases of gangrene 
of an extremity due to massive venous occlusion. Since then five additional cases 
have been reported.t The condition is definitely uncommon but is not receiving the 
consideration it should in this country. 

It is believed that venous gangrene is likely to have a better prognosis than 
arterial gangrene. The gangrenous areas are generally superficial and limited to the 
digits, so that conservative medical therapy—anticoagulants, antibiotics, anti- 
spasmodics, and, possibly, sympathetic block—is much more likely indicated. Because 
tissue loss may not be so great, a major amputation might be avoided if the entity is 
considered. The French mention instances in which it was felt that there had been 
needless amputation, inasmuch as an intact arterial tree was nicely demonstrated in 


the amputated extremity, and they cite instances of this happening to children. 


By definition, venous gangrene must consist of venous obstruction associated 
with gangrene and with patency of the arterial tree. Because of the multiple 
anastomoses between the superficial and deep groups of veins of an extremity, gan- 
grene of venous orgin is rare and requires complete blockage of the entire system of 
venous return. The arterial circulation, with its oxygenated blood, is prevented from 
reaching the tissues by the filled, stagnated venous system. The distention by edema 
further facilitates ischemia and gangrene of the skin. 

The diagnosis should be suspected when there is gangrene with a thrombophle- 
bitis. It may be well ruled out if the ischemia is checked by papaverine, paravertebral 
block, or periarterial stripping, and then one may assume a thrombophlebitis with 
associated reflex arteriospasm. The blue thrombophlebitis (phlegmasia cerulea 
dolens) is the most likely to cause gangrene, and it is probably just the second step 
between the initial phlegmasia alba dolen (milk leg) and gangrene. Its typical onset 
consists of sudden appearance, early cyanosis, excessive edema, of a woody consist- 

— 
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ency, and, often, preserved skin temperature. The gangrene may be dry or moist but 
is usually the latter. If arterial pulsations are palpable in the extremity, as they are in 
approximately one-third of the cases, the diagnosis is fairly secure. The final diag 
nosis is contingent on the actual demonstration of an occluded venous tree in dissec 
tion or an arteriogram of the extremity. 


Treatment is only moderately satisfactory but should include anticoagulants, 
antibiotics, and agents to relieve angiospasm if present, such as papaverine or repeated 
(possibly daily) paravertebral blocks of the sympathetic ganglia with procaine. Veal ° 
successfully attempts to prevent gangrene by relieving venous engorgement. This is 
done by elevating the extremity and then rapidly extending and flexing the foot, knee, 
and thigh. Hot packs or a heat cradle should be avoided so as not to facilitate gan 
grene by raising the metabolic requirements of an extremity with an already inade 
quate circulation. Amputation should be delayed, as the gangrene may be only 
superficial and an extremity may be saved. Treatment of acute massive venous 
occlusion, which generally is a precursor of venous gangrene, is very well reviewed 


0 


by Moser and associates.’ 


Thrombosis of the inferior vena cava is uncommonly diagnosed clinically ** as 
it was in the instance to be reported. However, it is not an uncommon pathological 
finding. It is associated with infectious diseases, such as typhoid, scarlet fever, small 
pox, pneumonia, erysipelas, cholera, meningitis, tonsillitis, tuberculosis, chlorosis, 
pleural sepsis, and effort (“effort thrombosis”). It is also due to localized infections, 
such as osteomyelitis of the vertebra, pelvic abscesses, appendicitis, perirectal 
abscess, perforation of a peptic ulcer, and strangulated hernia, and is associated with 
malignant growths.'? Commonly edema of the legs is not present, and, unless the 
obstruction is long-standing, the venous collateral circulation visible on physical 
examination does not appear. 


We are unable to be sure of the arterial patency in the present case, since, as so 
often lamentably is true, the legs were not dissected. In discussing the production of 
this gangrene, we must include for consideration the arteriosclerosis present in a 
person 74 years old and endocarditis. Points to be considered against arterial obstruc- 


tion as the cause are the swelling of the extremities and the cyanosis. The case points 
up the problem with which many of us seem unfamiliar, namely, the interesting, but 
unusual, venous gangrene. 


REPORT OF CASE 


A 74-year-old white woman was admitted to the hospital Nov. 8, 1951, complaining of an 
aching right shoulder, arm, and side of neck with night sweats and a 20 lb. (9.1 kg.) weight loss 
for the past month. Her left leg had been swollen for the previous two or three days. Past 
medical history indicated “yellow jaundice” as a child, and in 1944 she had had severe right 
upper quadrant pain and jaundice, with dark urine and light stools. This condition had persisted 
one or two months and had not recurred. 

Physical examination revealed pallor, icterus, mild reddening of the throat, and course rhonchi 
throughout both lung bases posteriorly. The blood pressure was 150/70, and there was an 
occasional extrasystole. The abdomen was distended and tense, making examination difficult 
There was a 1+ pitting edema of the left foot, leg, and thigh, without tenderness of the calf 
or a positive Homans’ sign. 

There were 14.0 gm. per 100 cc. (Evelyn) of hemoglobin, with 23,700 leucocytes per cubic 
millimeter, of which 94% were neutrophiles and 6% lymphocytes. Urinalysis showed a trace 
of albumin and a 4+ qualitative reaction for urobilinogen. The blood culture was negative. 
Serum bilirubin was 0.86 mg. per 100 cc. in one minute and 1.6 mg. per 100 cc. total. The cephalin 
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flocculation test was 3+ and 4+ in 24 and 48 hours, respectively. The sulfabromophthalein sodium 
retention was 33%. Total proteins were 5.2 gm. per 100 cc., with 2.3 gm. per 100 cc. of albumin 
and 2.9 gm. per 100 cc. of globulin. The prothrombin time was 18.8 seconds for the patient 
and 15.0 seconds for the control. The chest x-ray was normal except for left ventricular enlarge- 
ment, and the electrocardiogram showed only a left heart strain pattern. The calcium gluconate 
circulation time was 12 seconds. Two stool specimens were negative for blood by the guaiac test. 
X-ray examination of the stomach and colon revealed only moderate cardiospasm, retained food 
in the stomach (which made complete examination of this organ difficult), and numerous 
diverticula of the descending and sigmoid colon. There was no evidence in the cholecystogram 
of a concentration of the dye in the gallbladder. The x-ray of the spine and pelvis revealed 
moderate hypertrophic arthritis. 

The patient was treated with intramuscular penicillin and cautiously given bishydroxy- 
coumarin U. S. P. (Dicumarol) because of the possibility that a thrombophlebitis was causing 
the swelling of her leg. The bishydroxycoumarin was easy to administer, and for the greater 
part of the time the prothrombin time was between two and two and one-half times the control 
level. The initial 1 to 2 degrees elevation of temperature dropped in a week’s time, so that 
there was only an occasional % degree elevation. The edema of the left leg spread up over 
the lower back and involved the right leg. Approximately three weeks after hospital admission 
the right foot developed a bluish discoloration, and about a week later there was vesicle forma- 
tion and a black discoloration, obviously a moist superficial gangrene. At this time there were 
good popliteal artery pulsations bilaterally, but there was too much edema to be sure of the foot 
pulsations. The edema extended up over the lower dorsal area. The blood urea nitrogen became 
elevated to 31 mg. per 100 cc. and the jaundice deepened. Death occurred three days after the 
gangrene appeared in the left foot and two weeks after the development of gangrene in the 
right foot. 

Autopsy revealed a small ulcerating adenocarcinoma, 3.5 cm. in diameter, in the prepyloric 
area of the stomach with metastases to the liver, lungs, and myocardium. There was gangrene 
of the right foot and early gangrene of the left foot with antemortem thrombus formation 
occluding the inferior vena cava and the iliac and pelvic veins. There was a minimal acute 
bacterial endocarditis of the otherwise normal aortic valve with hypertrophy of the heart and 
myocardial fibrosis. Other findings included congenital absence of the gall bladder with common 
bile duct dilatation to a diameter of 2.5 cm., a benign polyp of the colon, and multiple diverticula 
of the sigmoid colon 


SUMMARY 
A patient developed progressively increasing edema of the lower extremities, 
followed by gangrene in one foot and, later, by early gangrene in the other. An 
antemortem diagnosis of thrombosis of the inferior vena cava with probable venous 
gangrene was confirmed. There are certain qualifications, as listed, but the studies 


and autopsy bring up the interesting problem of the diagnosis, etiology, and pathol- 


ogy of venous gangrene. ‘This entity is little known and appreciated in this country 
but is stressed in foreign literature in the differential diagnosis of the causes of 
gangrene. The gangrene is generally superficial, and therefore amputation is best 
postponed in favor of conservative management. 
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RETROPERITONEAL INSUFFLATION 


HANS H. ZINSSER, M.D. 
LOS ANGELES 


Scientific Exhibits 


HE INCREASING popularity of retroperitoneal insufflation with the increase 
in adrenal surgery has prompted a review of methods used up to the present 
time. As shown in the accompanying historical table, it may be seen that in careful 
hands the procedure carries a very low incidence of reactions but that with variation 


in the method there seems to be a cycle of increasing usage and increasing complica- 


tions, eventually with a few fatalities. Accordingly, it is suggested that the utmost 
caution be used in the performance of the procedure and that it be restricted only 
to those cases in which no other method of deriving the information is available. It 
would seem that the communications of the retroperitoneal space are variable from 
individual to individual and that pressures to fill it adequately cannot be attained 
without some chance of spread to the mediastinum, scrotum, and subcutaneous 
spaces. It is essential that those performing the procedure should be fully indoc- 
trinated in the first-aid care of intravascular massive gas embolization, 


HISTORY 


1883 ZVCKERKANDL - Defines perirenal fascial envelopment 1940 AJAMIL ET AL - Suggest even more lateral site 
1895 GEROTA ~Elaborates and modifies descriptions of peirenal space 1942 WILHELM - Uses laminograms 
1902 TANDLER Demonstrates continuity of retroperitoneal space 1944 CAHILL~ Reviews results on 500 cases 
1921 CARELLI Uses measured gas volume of O2 with 1947 RIVAS - Suggests and-uses presacral route 
manometer with needle paraspinally, suggests use of 2 1949 WALTERS - Condemns. procedure 
1922 WORELKANM “Suggests more lateral site 1950 BLACKWOOD - § small syringe 
British and French take up technique 1950 KRAUS ~Suggests filling stomach to show lett adrenal 
1923 QINBY - Condemns 1952 REESE - Reports First large series by presacral route 
1932 CAHILL “Revives Technique, discards manometer, 1953 ROTHFELD- Reports 300cases without accident in May 
uses room air, (visible for 10 days) 1953 NESBIT: Reports Fatalities by presacral route Aug. 
1934 ROUX BERGER ET AL Combine with aortography 1954 - - - -Further Fatalities reported - Feb. 
1937 MENCHER «Describes technique in detail 
1940 WEYRAUICH * Reports and reviews deaths 


Fig. 1.—The history of retroperitoneal insufflation is briefly outlined and the recurrent cycle 
of development of use, casual precautions, and subsequent fatalities is emphasized. 


———— 


Shown as a scientific exhibit of the Section on Urology at the 103rd Annual Meeting of the 
American Medical Association, San Francisco, June 21-25, 1954. 
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Fig. 2—The various injection sites used by Fig. 3.—The major vessels to be encountered 


various investigators is briefly outlined and sug- in the retroperitoneal space are outlined against 


gested catheter route is depicted a negative simulating the x-ray contrast of the 
internal organs which may be visualized 


TECHNIQUE 


| PATIENT PREPARED (F) Aspirate catheter, if bloody, withdraw, wait | week 
(a) Bowel clean, skin shaved (g) Atfach S0cc. syringe or balloon through manometer t catheter 
(b) Parenteral antibiotics ()) Inject slowly S00ce. of gas per square meter of body surface 
(0 Atropine and sedation (i)Do not exceed 30mm. mercury pressure 
2.PATIENT POSITIONED (j) Close off catheter, tape in place 
(a)Head and chest down (k) Nlow patient to remain prone horizontal 5 minutes 
(b) Left side slightly elevated (|) Allow patient to turn over 
(c)Legs spread, pelvis supported and elevated (Elevate head slowly over 5 minutes more 
3, PROCEDURE (n) Allow ambulation for 45 minutes 
(a)Skin preparation, Field draped (0) Take preliminary films 
(b) With Finger of leFt hand in rectum infiltrate  (p) IF insufficient gas, reinject 100.ce. at a time, 
with 1% procaine lateral to coccyx using same precautions 
(c) Inject Sec. next to rectal finger, leave needle — () Continue Films at regular intervals for 24 hours 
in place after aspirating, if bloody withdraw — (r) When gas in position, inject urographic dye in dese of 003 
(d) Thread plastic catheter into needle and 3° beyond mols per 1.73 sq. meters of body surface and take 2 minute 
(e)Hold catheter in place, withdraw needle Film For nephrogram, 5 minute stereo Films or laminogans 


Fig. 4.—The technique utilizing a catheter and blunt needle is briefly outlined in 


conjunction 
with intravenous urography with large doses of dye 





TE CHNIQU 





Fig. 5—The mechanical arrangement of needles 


mesenteric vein lying close to the catheter. 


CONTRAINDICATIONS 
|. Prior retroperitoneal surgery or insufflation 
2. Obvious location of lesion 
3. Incomplete laboratory studies 
4. Nosence of adequate resuscitation Facilities 


USEFULNESS DOUBTFUL 
|. Pheochromocytoma 
1. Hirsute Female, obese, 17 keto, 
Il oxy high normal 
3. Adrenal tumors in children 
4. Renal or perirenal infection known 


STUDY MANDATORY 


|, Unlocalized source of abnormal steroid such 
a8 dehydroisoandrosterone, “7g ratio upset 


and catheter is shown with the inferior 


REASONS 
|. Gas patterns poor or misleading 


2. Study unnecessary 
3. Study may not be indicated 


4. Study can be Fatal 


REASONS 
|. Tumors often small - often ectopic 


1. No mass lesion present often 


3. Bilateral exploration in any case 
4, Mediastinitis possible 


REASONS 


|. Determine side or type of incision 


2. Vnlocalized hematuria, metastasis without primary) 2. Outline capsular margin 


3.Defines attachments 





3, Suspected retroperitoneal tumor 


Fig. 6.—Contraindications and the 
which studies are mandatory are briefly outlined. 


reasons for these 


contraindications and the cases 





DANGERS 


|. Intravascular gas 


1 Metiastinal gas 


3. Rectal Perforation 


1e complications 


eatment 





SIGNS 


PREVENTION 


TREATMENT 





Collapse 


Chest discomfort 
cervical emphysema 
Rectal blood on 
palpation 





Position: Turn on 
left side, head down 
Atropine, 
Sedation Technique 
Antibiotics 





Oxygen by positive 
pressure. 
Cardiac massage 


None necessary 


Rectal Tube 


of insufflation are shown, with appropriate measures fo 


USEFULNESS 
IS MUCH 
INCREASED 


BY ADDITIONAL 
SPECIAL TECHNIQUES 





|. Intravenous pyelography or retrograde 


2. Stereo Films 
3. Laminograms 
4. (Occasionally barium enema, 


0 be empl 
' 


ed that alone the 


studi 


beeticits or sei —_— 





BRONCHOGENIC CARCINOMA SIMULATING 


Scientific Exhibits 


RONCHOGENIC has 
assumed a position of paramount 


carcinoma 


medical importance because of its rapid 
increase in incidence. Statistics reveal 
that the incidence of bronchogenic carci- 
noma apparently is rising faster than 
that of any other visceral malignant con- 
dition in the male, and most authorities 
in the United States report an eight- or 
ninefold increase in yearly deaths from 
cancer of the lung. Although there has 
heen a steady increase in operability 
rate, decrease in operative mortality, and 
amelioration in postoperative prognosis 
of the patient with bronchogenic carci 
noma, further substantial improvement 
in the results of treatment depends on 
earlier, correct diagnosis. Confusion in 
proper recognition of carcinoma of the 
bronchus may be due to the coexistence 
of a benign pulmonary disease or simula- 
tion of a benign pulmonary lesion by the 
malignant process. The purpose of this 
exhibit is to present some of these prob- 


ee 


BENIGN PULMONARY DISEASES 


G. V. BRINDLEY Jr., M.D. 
TEMPLE, TEXAS 


lems in diagnostic differentiation and to 
clinical 
which may be helpful in their solution. 


review several observations 


SUMMARY 


Vital statistics threughout the west- 
ern world reveal a great increase in the 
incidence of bronchogenic carcinoma. 
Considerable advancement has occurred 
in the surgical treatment of this disease ; 
but if significant progress is to be at- 
tained, early correct diagnosis seems to 
be the greatest requirement. Confusion 
in the proper recognition of broncho- 
genic carcinoma may be due to a coexist- 
ence of a benign pulmonary disease or to 
simulation of a benign pulmonary lesion 
by the malignant process. Problems in 
differentiation between various pulmon- 
ary diseases and bronchogenic carcino- 
ma are considered, and several clinical 
observations which may be helpful in 
the solution of these problems are pre- 
sented. 


From the Department of Surgery of the Scott and White Clinic. 


Shown as a scientific exhibit of the Section on Diseases of the Chest at the 103rd Annual 
Meeting of the American Medical Association, San Francisco, June 21-25, 1954. 





BRONCHOGENIC CARCINOMA 
SIMULATING 
UNRESOLVED PNEUMONITIS 


L_THEe DIAGNOSIS OF UNRESOLVED 
PNEUMONIA (S PROBABLY THE MOST 
COMMON CAUSE OF DELAY IN DE- 
JECTING BRONCHOGENIC CARCINOMA. 


2_One MUST NOT FEEL SECURE W THIS 
DIAGNOSIS UNTIL EVERY EFFORT HAS 
BEEN MADE TO EXCLUDE MALIGNANCY 
AND THE PATIENT MAS PROMPTLY 
RECOVERED FROM HIS ILLNESS WITH 


< Panel | 


BRONCHOGENIC CARCINOMA SIMULATING 
UNRESOLVED PNEUMONITIS 

\ typical case of carcinoma of the 

bronchus suggesting unresolved pneu 

monia is presented in the first panel. This 


55-year-old man gave a history of fever, 


OUT. RECURRENCE chest pain, and a cough productive of 


mucopurulent sputum of four months’ 








duration, A diagnosis of virus pneumonia 


was made by the local physician, and 

L. TYPICAL CASE OF BRONCHOGENIC 

GARCINOMA SUGGESTING VIRUS PNEU- 
MONIA . 


antibiotics were administered, with only 
temporary improvement. Chest roent 
2_ANY UNILATERAL PERIHILAR PNEU- 
MONITIS MAY BE SECONDARY TO " . , 
BRONCHOGENIC GARCINOMA AND ‘e a the superior segment of the lower lobe 
THIS POSSIBILITY MUST BE CARE- [iim 
FULLY EXCLUDED . f the right lung, and bronchoscopy dis 


genograms revealed increased density in 


closed a carcinoma of the right main 





bronchus at the level of the right middle 
lobe. Pneumonectomy confirmed the 


presence of a carcinoma 





sneneuseeee. @ CARCINOMA 
BENIGN PULMONARY. NEOPLASMS 





L_ BENIGN PULMONARY NEOM.ASMS ARE 
NOT COMMON AND GENERALLY INCLUDE 
CYSTS. HEMANGIOWAS. HAMARTOMAS. 
LIPOMAS, AND myOmAS . 


2_BENGN LUNG TUMORS ARE USUALLY 
ROUNDED, CIRCUMSCRIBED, ANDO THE 
SURROUNDING PULMONARY TISSUE AP- 
PEARS WORMAL . 


S_GENERALLY, FEW, iF ANY. SYMPTOMS 
BRONCHOGENIC CARCINOMA SIMULATING 3 ARE PRODUCED 
S4_CALCIFICATION wiTHiN THE TUMOR 


1S SUGGESTIVE OF BENIGNANCY GUT 
1T 1S NOT PATHOGNOMONIC 


BENIGN PULMONARY NEOPLASMS 





The second panel portrays a broncho 
genic carcinoma resembling a_ benign 
pulmonary neoplasm, 


L_THIS PATIENT HAD A PRIMARY 
SARCOMA RESEMBLING 


In August, 1951, a man, 64 years of 
age, entered this Clinic because of fever, 2_ANY PULMONARY TUMOR waAY SE 
MALIGNANT ANDO SHOULD BE RE- 
MOVED F THE PATIENT 1S A SuIT- 
. . RISK . 
circumscribed pulmonary tumor which “ga shang 


hemoptysis, and a rounded, sharply 


had been repeatedly diagnosed elsewhere 
benign lesion. Exploratory thora 
cotomy revealed a primary pulmonary 


sarcoma with extension into one perihi 





lar lymph node. One year after radical 





pneumonectomy, there was no clinical sesseree art coames ta same seven 
evidence of recurrence or metastasis 
Certainly, it is better to remove any in 
trapulmonary neoplasm for microscopic 
examination rather than assume that a 


lesion in the lung is benign 








PULMONARY TUBERCULOSIS 


BRONCHOGENIC CARCINOMA AND 


L.THE CO-EXISTENCE OF BRONCHOGENIC 
PULMONARY TUBERCULOSIS CARCINOMA AND PULMONARY TUBER- 
CULOSIS 1S INCREASING. 
The third panel of the exhibit demon Stink ns deel omens. om 
- > . 79.04 ¢ ney mre ’ . THER OISEASE MAY MIMIC THE 
strates the occasional coexistence of pul ) Binek ocounad 

monary tuberculosis and bronchogenic ea se aie 

arct ‘ Thi atier re P P CULOSIS DOES NOT EXCLUDE CO- 
carcinoma. Chis patient was a man, Suminieh anmeemnens 

48 years of age, with cough of two years 


duration. Chest roentgenograms showed 





an area of increased density in the upper 


lobe of the right lung. Examination of ITHIS CASE ILLUSTRATES THE 
CO-EXISTENCE OF PULMONARY 
TUBERCULOSIS AND BRONGHO- 
GENIC CARCINOMA 


the bronchial secretions and sputum did 
not reveal tubercle bacilli or tumor cells. 


. . 2.THOROUGH CLINICAL INVESTI- 
Biopsies taken at bronchoscopy showed eiven, mer.eeme seenvete 
ae i ' wi a OGRAMS. BRONCHOSCOPY AND 
squamous cell epithelioma. [:xploratory sathiasiens 4 aaieaiane 
thoracotomy disclosed the coexistence OF SPUTUM AND BRONCHIAL 
. : SECRETIONS WILL USUALLY DIS- 

of bronchogenic carcinoma and tubercu CLOSE THE CARCINOMA .IF THE 
; : : 2 OIAGNOSIS IS UNCERTAIN, BUT 
losis. Now, five and one-half years after SUGGESTIVE OF CARCINOMA, Ex 
PLORATORY THORACOTOMY USU- 

pneumones tomy and thorac oplasty, there ALLY 1S INDICATED . 


is no clinical evidence of either disease 








BRONCHOGENIC CARCINOMA 
BRONCHIECTASIS 


Panel 4 


BRONCHOGENIC CARCINOMA AND 
BRONCHIECTASIS 


The fourth panel shows bronchiectasis 
coexisting with carcinoma. 
LTYPICAL PATIENT WITH GRONOHO- The typical case in the exhibit con- 
GENIC GARONOMA AND EXTENSIVE . : : , : 
SECONDARY BRONOCHIECTASIS . cerned a man 59 years of age. Cough of 


2. THs 12 months’ duration was his chief com- 
TION OF DISEASES AND SRONCHO- : pons 
GENIC CARCINOMA SHOULD 6€ plaint. Bronchography, performed else- 
SUSPECTED, ESPECIALLY IN THE » Been ; : 4 , 
MIDDLE-AGED OR OLDER PATIENT where, resulted in a_ diagnosis of 
Ce. TE ee SHORT bronchiectasis. Bronchoscopy at the 


Scott and White Clinic disclosed a squa- 





mous cell epithelioma of the left main 
bronchus at the orifice of the left lower 





lobe division, Pneumonectomy was per- 

NE A” NAS formed, revealing the carcinoma with ex 
tensive associated bronchiectasis. Bron- 
chiectasis and carcinoma are commonly 
associated, and one should suspect the 
possible coexistence of carcinoma with 
bronchiectasis, particularly in a patient 
in the middle or older group. 








<— Panel 5 


BRONCHOGENIC CARCINOMA SIMULATING 
BENIGN LUNG ABSCESS 

Che fifth panel in the exhibit depicts 

a bronchogenic carcinoma simulating a 


pulmonary abscess. The correct diagno- 








sis may be elusive, as demonstrated in 
the exhibit 
LTHIS PATIENT HAD A CAVITATING This 78-year-old patient had an ade 
nocarcinoma, Grade 2, of the breast and 
2.WWEN THE ETIOLOGY OF A GaV- a cavitary lesion in the upper lobe of the 
ITARY LESION 1S OBSCURE AFTER . . ; 
THOROUGH INVESTIGATION, EXPLOR left lung. Bronchoscopy was negative, 
ATORY THORACOTOMY |S INDICAT . 
£0. If THE DIAGNOSIS IS STILL UN but the resected lung revealed an adeno 


carcinoma, Grade 4. When the etiology 
of a cavitary lesion of the lung is obscure 
after careful examination, exploratory 


thoracotomy usually is indicated 


=n 





.- "eer 
SERRE TES LOFT LONG OF Tee Atewe Peremy 


BRONGHOGENIC CARCINOMA 
SIMULATING 
MEDIASTINAL TUMOR 


ANY UNILATERAL MEDIASTINAL TUMOR 
MAY SIMULATE BRONCHOGENIC CARCI- 
noma . TUMORS NEAR THE PULMONARY 
HLUS ARE ESPECIALLY DIFFICULT TO 
OIFFERENTIATE 


2BRONCHOSCOPY AND CYTOLOGIWAL Ex 
AMINATIONS OF SPUTUM AND BROW 
CHIAL SECRETIONS WILL OFTEN ES- 
TABLISH THE CORRECT DIAGNOSIS 


BRONCHOGENIC CARCINOMA SIMULATING SUNLESS THE NATURE OF THE mEDIA- 


STINAL TUMOR GAN BE PROVED CLIN— 
MEDIASTINAL TUMOR ‘ ICALLY OR BY EXAMINATION OF 48 OF 
L j CISED LYMPH NODE, EXPLORATORY 

THORACOTOMY USUALLY (5 INDICATED. 








The sixth panel shows bronchogenic 





carcinoma simulating a mediastinal tu 

mor. L_THIS PATIENT HAD SRONCHOGENIC - 
A man, 56 years of age, was seen at mma ne 2 aM. 

the Clinic because of fever, pain, and ——? 

cough. Physical examination revealed a 

moderate, generalized lymphadenopathy 

Chest roentgenograms disclosed a medi 

astinal mass suggestive of one of the 

lymphomas. Bronchoscopy was negative, 

and an excised cervical lymph node 

showed lymphadenitis only. Exploratory 

thoracotomy revealed an undifferenti 

ated carcinoma of the upper lobe of the 

right lung with extensive mediastinal 


metastasis. 





vend 7 =? BRONCHOGENIC CARCINOMA 


FUNGUS DISEASES OF THE LUNGS 
BRONCHOGENIC CARCINOMA AND FUNGUS 


DISEASES OF THE LUNGS a Ml) |PULMONARY FUNGUS DISEASES ARE 
, A = «4 SEEN FREQUENTLY , CREATING A 
The case, illustrated in the seventh ‘ a PROBLEM WN DIFFERENTIAL DIAG- 


anel, represents the complexity of dif- 

P re mu, : B} 2Nevrmer THE cLimical PicTURE NOR 

ferentiation between fungus diseases and THE ROENTGEN APPEARANCE OF PuL- 

: ra. ° a MONARY FUNGUS INFECTION ARE 

bronchogenic carcinoma, This man, 46 PATHOGNOMONIC AND MAY BE CON- 

, a FUSED WITH BRONCHOGENIC CARCI- 

years Ol age, presented a history ot tever, woMa. 

cough, chest pain, and weight loss of B.IN ALL PULMONARY FUNGUS DIS- 

EASES. THE DIAGNOSIS DEPENDS ON 
ISOLATION OF THE ORGANISM 





four months’ duration. Previous roent 





genograms demonstrated pneumonitis, 
and sputum examinations were reported ITs panent wae 


to show Coccidioides immitis. Antibiotics eae ‘aasemeee, 


were administered, without improvement. 2. Yue gbueendinial 


\t the Clinic, chest roentgenograms 
showed a lesion in the left cardiophrenic 
angle, and bronchoscopy revealed an un 
differentiated carcinoma in the left main 
bronchus. Pneumonectomy confirmed 
the diagnosis of coccidiodal mycosis and 


bronchogenic carcinoma 





<— Panel 8 





BRONCHOGENIC CARCINOMA WITH 

NORMAL CHEST ROENTGENOGRAM 

The eighth panel in the exhibit repre- 
sents bronchogenic carcinoma observed 
in a patient presenting an essentially 
negative chest roentgenogram. This 
young woman reported to the Clinic 
with a history of hemoptysis. Roent- 
genograms of the chest were essentially 
normal in appearance; however, bron- 
choscopy disclosed an adenocarcinoma in 
the right main bronchus, and pneumo- 
nectomy confirmed the presence of the 
carcinoma. 





BRONCHOGENIC CARCINOMA IN A 
SOLITARY NODULAR TUMOR 
The final panel in the exhibit discloses 
bronchogenic carcinoma in a_ solitary 
nodular tumor. This “coin lesion’ has 
assumed a position of importance, par- 
ticularly since it is now being detected 
fairly frequently in routine chest surveys 
and on chest roentgenograms taken as 


part of a general physical examination. 


If carcinoma is found, pneumonec- 
tomy and mediastinal lymph node dis 


section are indicated generally ; however, 


in selected cases, a lobectomy may be 


the operative procedure of choice. 
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Case Reports 


PULMONARY ECHINOCOCCUS CYST 


Report of a Case 


JAMES E. LEWIS Jr., M.D. 
ST. LOUIS 
AND 
ALFRED HURWITZ, M.D. 
NEW HAVEN, CONN 


YDATID disease of the lung is relatively rare in the United States, but it is 
endemic and very common in sheep-raising countries, such as Australia, Italy, 
Greece, New Zealand, Ireland, Argentina, Uruguay, Syria, and Algiers. The global 
travels of the war veterans and the ease and popularity of foreign travel may lead to 
a relative increase of the disease in this country. Hydatid disease of the lung must be 
seriously considered in the differential diagnosis of intrathoracic pulmonary lesions. 
The following case report of a pulmonary Echinococcus cyst in a war veteran in 
whom the diagnosis was made six years after discharge from the service seems of 
sufficient rarity and interest to review. 


REPORT OF CASE 
F. P., a 29-year-old white prison guard, entered the hospital on Nov. 19, 1951, with a chief 


complaint of “spitting up blood” of 10 months’ duration. 

The history revealed that the patient served with the infantry in Normandy and Belgium 
during World War II and was struck in the right chest with shrapnel in 1944. He was hos 
pitalized in Belgium, where the shrapnel was removed from the chest wall. A postoperative chest 
film allegedly revealed a shadow in the right upper lobe, thought to be due to foreign body reac 
tion. He made a complete recovery and, except for occasional right chest pain, remained com 
pletely well for six years. He stated that one year before admission he had pneumonia of the 
right upper lobe, which was treated with penicillin at home. Two months later the onset of 
frequent attacks of coughing with the expectoration of small amounts of bright-red blood was 
noted. At this time the wife of the patient required sanatorium treatment for tuberculosis, which 
was discovered in a routine chest film. The patient was carefully evaluated at a tuberculosis clinic 
with repeated chest films and sputum studies. No acid-fast bacilli were found. The chest films 
revealed a persistent circumscribed density in the right upper lobe. Ten days before admission 
he coughed up blood on four separate occasions and entered the hospital for evaluation and 
treatment. 

Physical examination on admission revealed a temperature of 99.2 F., pulse rate 96, and blood 
pressure 125/90. The veteran was a well-developed, well-nourished, muscular young white man, 

oseninanbiauaiantnieneemee 
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in no distress. The examination was essentially negative except for well-healed scars of shrapnel 
wounds on the right calf, the right heel, and the right anterior chest overlying the seventh and 
eighth ribs. The lungs were clear to percussion and auscultation. 

After admission he ran an afebrile course but continued to cough up small amounts of bright 
red blood. The blood studies were normal and revealed no eosinophilia. Blood chemistry studies 
were normal. Repeated sputum examinations and gastric washings were negative for acid-fast 
bacilli and fungi. The first-strength purified protein derivative gave a positive reaction. A Cason 
intracutaneous test was negative. Neisseria catarrhalis and staphylococci were found in the 
sputum. X-rays revealed the presence of a circumscribed parenchymal lesion in the anterior seg 
ment of the right upper lobe, measuring 5 by 4 cm. in diameter (Fig. 1). The lesion was noted 
to be above the horizontal fissure, which was retracted upward. There was no hilar adenopathy 


The remainder of the pulmonary parenchyma was clear. A review of films taken one year earlier 


Fig. 1—Posteroanterior chest film, revealing a circumscribed parenchymal lesion in the 
anterior segment of the right upper lobe 
Fig. 2—Microscopic section of cavity, revealing fibrotic wall, necrotic material, and hooklets 


revealed the lesion to be present in the anterior segment and almost obscured by the pneumonic 


process in the upper lobe. Subsequent films revealed clearing of the infiltration and residual 


pleural thickening. There was no evidence of cavity formation in the area of consolidation. The 
impression of the roentgenologist was tuberculoma or neoplasm. Planigrams revealed a large 
mass above the horizontal fissure, measuring 5 by 4 cm. in diameter. The mass appeared homoge 
neous, without calcification or cavity formation. The appearance was consistent with a tuber 
culoma. Bronchoscopy was entirely negative. Bronchograms failed to reveal any abnormalities 
of the bronchial tree. 

The diagnosis of an abscess secondary to a foreign body carried into the right upper lob 
at the time of the chest wound was favored. On Dec. 12, 1951, with the patient under endo 
tracheal anesthesia, a right posterolateral thoracotomy incision was made, and the pleura was 
entered through the bed of the fifth rib. In the right upper lobe, there were numerous dense 
adhesions between the anterior segment and the parietal pleura. These were divided with blunt 
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and sharp dissection, and a 3 by 4 cm. area of the parietal pleura was excised. Palpation of the 
right middle and lower lobes revealed no essential pathologic changes. Palpation of the right 
upper lobe failed to suggest pathologic changes in the apical and posterior segments. Deep in the 
anterior segment and extending toward the hilus was a firm mass 4 by 5 cm. in diameter 
Because the mass was felt to encroach on the apical segment and to extend into the hilus, a 
lobectomy was carried out. The right upper lobe vessels were individually isolated and divided 
between silk ligatures. The right upper lobe bronchus was isolated and divided proximal to a 
Sarot clamp, with simultaneous closure of the bronchus with interrupted fine nonabsorbable 
surgical (silk) sutures. The bronchial closure was then reinforced with a flap of parietal pleura. 
An anterior catheter was inserted in the third interspace and a posterior catheter in the eighth 
interspace. After thorough irrigation of the pleural cavity with saline and the expansion of the 
middle and lower lobes, the chest was closed in layers with interrupted silk sutures. 

The postoperative course was uneventful. The anterior catheter was removed in 48 hours 
and the posterior catheter on the 4th postoperative day. The remaining lobes were well expanded 
Complement fixation tests for Echinococcus on the ninth postoperative day was negative. The 
patient was discharged on the 14th postoperative day and was well 18 months later, when a 
periodic check-up was made. 

Pathologic examination revealed a 3 by 3 by 2 cm. cavity in the anterior segment of the 
right upper lobe, with two bronchi entering the cavity. The cavity was filled with white, soft, 
curdled material covered with a white, granular membrane which could be lifted out of the 
cavity. No specific foreign body could be found. Sections were taken cf the walls of the cavity 
and the white membrane for microscopic examination. Fungus cultures were made and were 
negative. Microscopically, the membrane lining the cavity consisted of a homogeneous, cellular, 
lamellated, slightly basophilic matrix. Along the margin of this material was necrotic cellular 
debris, with a few hooklets and nonfertile cysts (Fig. 2). A section of the lung, including the 
wall of the cavity and communicating bronchi, revealed a diffuse chronic inflammatory reaction 
consisting of a plasma cell and lymphocyte infiltrate. The periphery of the cavity consisted of old 
fibrotic tissue. The lining of the cavity consisted of young, very vascular granulation tissue with 
many plasma cells and mononuclear phagocytes. In the adjacent area there were perivascular 
fibrosis, intimal proliferation, and narrowing of the lumina of the small arterioles. The diagnosis 
was degenerated Echinococcus cyst of the right upper lobe. 


COMMENT 


The adult Echinococcus granulosus is the smallest of tapeworms, consisting of 
four segments and measuring about 5 mm. in length. It lives in the small bowel of 
dogs and other definitive hosts and discharges eggs from the terminal segment, which 
are evacuated with the feces. The eggs may enter the intestinal tract of intermediate 
hosts, including man, sheep, and cattle, after the ingestion of contaminated water 
and fresh vegetables. When the egg lodges in man’s stomach, the gastric juice digests 
the external coat and the oncospheres are hatched, to migrate through the wall of the 
duodenum into the portal circulation. The parasites are usually filtered in the liver, 
where approximately 75% of all human infections are located. Some, however, pass 
through the liver and the right side of the heart into the pulmonary circulation, 
whence they filter into the lung. It has been estimated that 10% of human hydatid 
disease occurs in the lung.* 

In the lung, the embryonal wall expands to form a cyst, composed of an inner 
nucleated germinal layer (endocyst) and an outer non-nucleated, laminated wall 
(ectocyst). Brood capsules or proliferative cysts form from the inner germinal 


layer and protrude into the vesicle cavity. The brood capsules, in turn, give rise to 


the scolices, which are the heads and the source of new worms. The scolices and 
brood capsules are pinched off in the germinal layer and sink in the hydatid fluid to 
* References 1, 2, and 3. 
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form the “hydatid sand.” The fluid-containing bag, composed of two layers and the 
hydatid sand, is the hydatid vesicle. As the vesicle grows, the host organ reacts to 
its presence by forming a perivascular layer, or adventitia. This connective tissue 
layer and the hydatid vesicle form the hydatid cyst. This fertile cyst, if ruptured 
or aspirated, may discharge scolices into the surrounding tissue, causing the forma- 
tion of new cysts, which are known as secondary cysts (secondary hydatidosis). At 
operation the surgeon should try to avoid rupture of the cyst. In addition, aspiration 
of the cyst should not be carried out. 

In the lung, the hydatid vesicles and adventitia develop and are covered by a 
concentric layer of atelectatic lung. The fluid and membranes are bacteriologically 
sterile initially, but complications are common. Erosion of the vesicle into a pul 
monary vein, with metastatic hydatidosis, may occur. The enlarging cyst may 
impinge upon a bronchiole, with erosion of the bronchiole and adventitial layer. This 
allows the perivesicular layer to communicate with the bronchiole, and air insinuates 
itself between the vesicle and the adventitia. Perivesicular air is helpful in the 
roentgenological diagnosis. If the vesicle ruptures, scolices and fluid may be found 
in the sputum and air enters the vesicle, forming a double-dome arch of air, which 
has been known as Cumbo’s sign. The Echinococcus membrane may sink into the 
cavity and float upon the remaining fluid. Both of these changes are helpful in x-ray 
diagnosis. Finally, there may be infection of the adventitia or infection in the cyst, 
with death of the vesicle. The cyst contents are then necrosed and fragmented or 
become frankly suppurative.” The parasites seldom die except as a result of rupture 
or infection, but a parasite may die spontaneously, at which time it behaves like a 
foreign body. As the hydatid elements disintegrate, they cause fibrous reaction in 
the surrounding tissue, with walling off of the area and calcification in the fibrous 
wall.* 

The symptoms of pulmonary Echinococcus cysts vary. The simple cysts are 
usually silent during their early growth. This may be especially true of the early, 
small hilar cyst. A nonproductive cough is usually the first symptom because of 
irritation of a bronchus. Later, erosion of the bronchus will lead to ulceration, 
hemoptysis, rupture of the bronchus, and a productive cough. There may be chest 


pain early in the course of the disease, This finding is particularly true of the periph- 


eral cysts which irritate the pleura. Some of the cysts may enlarge and produce 
dyspnea.° 

Diagnosis of this disease may be difficult. A serious consideration of the 
possibility of hydatid disease in the differential diagnosis is important because of 
its increasing incidence in this country. Cough, pain in the chest, and hemoptysis 
are suggestive. X-ray changes may be characteristic in a rare case. Laboratory meth 
ods are valuable, but often equivocal. Eosinophilia is inconstant and is not found 
when the cysts are dead or suppurating. The complement fixation tests and the 
Casoni intradermal test are valuable, but not infallible, and lack absolute specificity.t 
The absolute diagnosis is made only when booklets, scolices, or laminated membranes 
are found in the sputum. 

In view of these considerations, it is interesting to attempt to reconstruct and 
correlate the clinical and pathologic event in the case reported. There is reason to 
suspect that the disease was initiated either from the consumption of contaminated, 


rc 
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unwashed vegetables or from contaminated material from clothing being carried 
into the lung at the time of the shrapnel wound. The latter seems unlikely, because 
the wound was confined to the chest wall and did not traverse the pleura. The pleural 
adhesions overlying the cyst were produced by pleural irritation, which caused the 
occasional right chest pain. The attack of right upper lobe pneumonia one year 
before admission probably initiated or was the result of infection in the cyst, which 
led to the death of the parasite. This was followed by necrosis and disintegration of 
the vesicle, by the formation of granulation tissue on the adventitia wall, and, finally, 
by erosion into the bronchi. Bronchial irritation initiated the onset of a chronic 
cough, with the expectoration of small amounts of blood. Death of the parasites 
prevented diffuse spread of the disease. The negative bronchograms probably 
represented plugging of the bronchi with the necrotic material which filled the cavity. 

Death of the parasites prevented an eosinophilia. Serious consideration of 
Kchinococcus disease in the differential diagnosis would have resulted in obtaining 
a complement fixation test and a Casoni intracutaneous test preoperatively. Although 
the intracutaneous test may remain positive for years after the death or removal of a 
cyst,® a positive test would have been strongly suggestive of the correct diagnosis 
and might have led to discovery of the hooklets in the sputum. Postoperatively, the 
Casoni intracutaneous test may be negative for several weeks because the patient 
becomes desensitized. Consequently, the complement fixation test is preferred. The 
negative complement fixation test and the uncomplicated clinical course for 18 
months postoperatively strongly suggest freedom from Echinococcus disease. 

Lobectomy was the treatment of choice in this patient. This procedure is con 
sistent with the more recent use of resection as the definitive treatment in Echino- 
coccus cysts of the lung.§ There is no simple medical treatment. The only effective 
measure is surgical removal. Waiting for the occasional spontaneous expectoration of 
the cyst invites serious complications. Rupture of the cysts into the pleura or peri- 
cardium may occur, with dangerous allergic or anaphylactic reactions. Rupture of 
the cysts with escape of scolices will lead to secondary hydatidosis. Rupture into 
a bronchus may lead to asphyxia, anaphylaxis, hemorrhage, or suppuration. Only 
rarely are hydatid cysts coughed up without complications.’ For this reason, effective 
early treatment is important. 

There has been no complete agreement among surgeons as to the best surgical 
procedure. Procedures which have been successfully employed consist of drainage 
of the cysts through an area of pleural symphysis, either as a one-stage or as a two- 
stage procedure ||; marsupialization, with careful evacuation of the cyst membranes 
and contents and suture of the lung to the chest wall for external drainage,? and 
careful evacuation of the fluid and cyst membranes, followed by suturing of the 
adventitia and the use of pleural drainage with a catheter.’ Susman * states that 
“the best operation for most simple cysts consists of aspiration of the fluid, removal 
of the parasitic membranes, obliteration of the cyst space and drainage of the pleural 


cavity.” All of these methods may carry a high morbidity because of a persistent 


bronchial fistula, an infected cyst cavity, empyema, or a coexistent bronchiectasis. { 
In addition, many of the lesions cannot be differentiated from bronchogenic car 
§ References 1, 4, and 6. 
|| References 2 and 7. 
{| References 4 and 6. 
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cinoma.” Excisional surgery, with the use of lobectomy, segmental resection, ot 
wedge resection, is the treatment of choice, because it offers the patient a greater 


likelihood of complete remission with a low morbidity and mortality. 


SUMMARY 


A case report of a dead pulmonary Echinococcus cyst treated by lobectomy is 


presented. 
The clinical and pathologic course of the disease is discussed. 
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ADENOCARCINOMA ARISING IN DIVERTICULUM 
OF URINARY BLADDER 


JOHN D. COONEY, MD. 
RICHARD D. AMELAR, M.D. 
AND 


ABRAHAM ORRON, M.D. 
NEW YORK 


YARCINOMA within a diverticulum of the urinary bladder is rare. In culling 

the world literature, 200 cases have been found reported. Of this group, only 

two were adenocarcinoma.* This incidence corresponds to that of neoplasms of gland- 
ular structure in the bladder in general. 

Glandular elements are usually absent in the normal bladder except for those 
found at the neck and in the trigone, arising in the subtrigonal and subcervical 
glands of Albarran.* Many theories have been advanced to explain the finding of 
glandular tissue in an organ that is almost exclusively lined with transitional epi- 
thelium. Urachal remnants—the fetal allantoid duct—may proliferate and undergo 
malignant change. The embryonic cloaca-like origin of the bladder may be important 
in the formation of mucus-producing glands. Glandular elements appear in the 
bladder through a process of metaplasia as a result of chronic infection or chronic 
irritation, usually secondary to calculi or prostatic obstruction. 


REPORT OF A CASE 

G. S., a 62-year-old white man, was first admitted to the French Hospital on Feb. 16, 1953, 
with gross hematuria of six hours’ duration, urinary frequency, dysuria, and mild lower abdominal 
pains. The cystoscopic findings at that time were those of mild prostatic hypertrophy and con- 
gestion, with bleeding from the prostatic urethra, A bladder diverticulum was present in the 
inferior left lateral wall of the bladder. The stoma was about 1 cm. in diameter and was situated 
2 to 3 cm. lateral to the left ureteral orifice. A chest x-ray showed bullous emphysema. 

Excretory urography revealed normal upper urinary tracts. The bladder diverticulum was 
well visualized on the 30-minute film. A postevacuation film taken one hour after injection of 
the dye showed complete emptying of the diverticulum. Catheter drainage and antibiotic therapy 
were instituted. 

An EKG showed normal sinus rhythm with left axis deviation and changes compatible with 
myocardial disease. 

The hematuria subsided on catheter drainage, and the catheter was removed on Feb. 22. 
The bladder residual urine was 60 cc. In view of the patient’s poor cardiovascular and pulmonary 
status, no surgery was advised, and the patient was discharged on March 3, to the care of the 
outpatient department. 

From March to September, 1953, the patient complained only of symptoms of mild prostatism 
There had been no gross hematuria until his second admission, on Sept. 24. A cystoscopy was 
performed on admission, and the bladder was found to be filled with blood clots. The source 
of the bleeding could not be established. The clots were evacuated with the aid of a Hendrikson 

enteneineteiemataeen 
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catheter and a Toomey syringe, and Y-tube drainage was instituted. He was given 500 cc. of 


blood. Mild hematuria persisted until Sept. 29. On that day, a cystogram visualized a large 
diverticulum on the left, evacuating poorly. 

On Sept. 30, under spinal anesthesia, a diverticulectomy was performed. The procedure con- 
sisted of a complete separation of the diverticular mucosa from the fibromuscular wall, which 
was left intact, and an intravesical closure of the stoma. The mucosal lining of the diverticulum 
felt slightly rough in an area about 1 cm. in diameter at the fundus of the diverticulum. Inspec 
tion of the bladder revealed no abnormalities other than a Grade | trabeculation. The bladder 
was drained with a four-winged Malecot suprapubic tube 

Pathological Report (Dr. Cyril Solomon).—‘Gross: The specimen consists of tissue 
measuring 10 cm. in length, varying in width to 3 cm., and measuring approximately 2 mm. in 
thickness. One surface is cauliflower in appearance and varies from buff to red-brown in color 
Ihe other surface is slightly wrinkled and of similar color. Near the central portion is a 
thinner =rea of softer tissue, pearl-pink in color. 





Fig. 1.—Cystogram, anteroposterior view, showing large vesical diverticulum arising on the 
left side of the bladder. Note that the outline of the diverticulum is smooth and that the tumor 
is not visualized 


“Histology: Sections of the bladder outside of the diverticular area show a thickening of 
the epithelium, beneath which there is edema and a moderate lymphocytic reaction. Sections of 
the diverticulum show atypical glands and ducts lined by pleomorphic and hyperchromatic cells 
These tumor cells infiltrate the entire wall and are found within blood vessels. In an occasional 
area, the tumor cells have lost their more mature appearance and have become extremely ana 
plastic. 

“Pathological Diagnosis: Infiltrating adenocarcinoma of diverticulum of the urinary bladder 
with blood vessel invasion.” 

In view of these findings, it was felt that a more extensive excision was indicated, in spite 
of the patient’s poor cardiovascular and pulmonary status. Two weeks after the first operation, 
a segmental resection of the bladder was performed, with the patient under spinal anesthesia 
The peritoneal cavity was opened and inspected. There was no evidence of intraperitoneal 
tumor implant or infiltration. The liver edge felt smooth, with no palpable metastasis. No 
abnormality of the lymph nodes along the iliac vessels was found. The entire left lateral wall 


of the bladder was excised around the diverticulum 
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Pathological Report——‘Histology: Sections show a large amount of fibrosis, within which 
there is edema and a dense lymphocytic and eosinophilic reaction. Nests of transitional cells are 
present, partially covering the surface of the granulation tissue. An inflammatory reaction extends 
throughout all layers of specimen submitted. Close to the area of granulation are foci of 
atypical cells arranged in gland form. These foci are present in a dimpled area of epithelium 
and close to suture material. Around the suture material there is a dense lymphocytic reaction 
and numerous areas of giant cell formation. 


“Pathological Diagnosis: Residual adenocarcinoma of urinary bladder. Chronic granulation 
tissue with foreign body reaction. The surgical incision is well around the tumor.” 


Postoperative Course-—His postoperative course was uneventful until the fourth post- 
operative day, when the patient developed signs of cardiac decompensation with severe dyspnea 
and auricular fibrillation. The patient was placed in an oxygen tent, digitalized rapidly, and 
given mercurial diuretics. His blood pressure dropped precipitously and Arterenol (norepi- 
nephrine) was administered, which maintained a systolic pressure of 100 mm. Hg. His respiratory 
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Fig. 2.—Photomicrograph of wall of diverticulum, low power, showing infiltrating adeno- 
carcinoma within wall of diverticulum. 


distress continued, although the signs of pulmonary edema subsided. His temperature remained 
elevated above 101 F., in spite of vigorous antibiotic therapy. On the seventh postoperative day 
his dyspnea increased in severity and pulmonary edema was again evident. The patient became 
markedly cyanotic and died at 8:00 p. m. 

Autopsy.—The patient was found to have a severe suppurative pneumonitis and bronchiectatic 
bullae. There was marked coronary atherosclerosis and right ventricular hypertrophy. There 
was no evidence of metastasis from the bladder tumor, nor was there any residual tumor in the 
bladder. 


COMMENT 
The diagnosis of carcinoma within a diverticulum may be difficult cystoscopically 
when (a) the tumor does not protrude through the orifice of the diverticulum, 
where it can be visualized with a cystoscope; (>) the neck of the diverticulum is 
not large enough for inspection of its interior, and (c) the diverticulum is so located 
that a cystoscope cannot be introduced into the diverticulum to visualize the tumor 
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directly. If the tumor is small or flat, a filling defect will not be seen on the cysto 
diverticulogram, as happened in the case presented. 

Therefore, we feel the necessity for completely exposing and inspecting every 
diverticulum observed at operation and performing complete diverticulectomy in 
suspicious cases. 

This case demonstrates that in merely excising the mucous lining of the divertic 
ulum at the first operation, tumor was left in the bladder wall, which was completely 
excised at the time of the segmental bladder resection, two weeks later. 

It is felt that patients who are very poor surgical risks should not be subjected 
to extensive radical operative treatment, such as total cystectomy. 


SUM MARY 
A case of occult primary adenocarcinoma arising in a bladder diverticulum treated 
by segmental bladder resection is presented. The extreme rarity of the coexistence 
of these two lesions is noted, and possible pitfalls in the diagnosis are discussed 
The theories of the origin of a primary adenocarcinoma in an organ that is 
almost exclusively lined with transitional epithelium are presented 


We believe that every diverticulum observed at operation should be completely 


exposed and inspected and that a total diverticulectomy should be performed in 
suspicious cases. 
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STRUMA OVARII 


Presentation of a Case Having No Other Teratoma Elements 


CAPTAIN G. B. MARKLE IV 
MEDICAL CORPS, UNITED STATES ARMY 


ae OF the unusual and fascinating oddities of pathology is the occurrence 
in an 


ovarian tumor of any of a great number of tissues or organs. These 
tumors are generally referred to as dermoid cysts, but, as Blackwell and his co- 
workers have pointed out, more properly should be known as cystic teratomas. 
These authors and others * have discussed the etiology of these tumors and described 
the great variations in their composition. One such type of teratoma is made up, 
in part or completely, of thyroid tissue, and is called struma ovarii, 

In 1952 Sanders® estimated that there were approximately 180 reports of 
struma ovarii in the literature. In only about 17% of cases is the tissue entirely 
thyroid, without other elements of a teratoma.* In Blackwell’s series of 100 cystic 
teratomas, 13% contained some thyroid tissue. As only about 5% of ovarian 
neoplasms are cystic teratomas, it follows that struma ovarii with other tissue ele- 
ments is fairly rare and as a pure unmixed tumor is very rare. 

Hyperfunctioning struma ovarii may produce hyperthyroidism, and there is 
good evidence of the production of thyroid hormone in many other cases.t This 
tumor has been the cause of ascites and hydrothorax (Meigs’s syndrome).* Rarely 
is it malignant, and Holtz * suggests that in some apparent cases of the malignant 
form, the cancer arises from elements other than thyroid. 


REPORT OF CASE 


Married woman, aged 23 years, primigravida, primipara, was first seen on July 8, 1952, as 
a sterility problem. She had a normal pregnancy and delivery five and one-half years previously, 
and, though she had been trying to conceive for one and one-half years, there had been no 
further pregnancies. Menstrual history was normal. She was found to have retroversion of the 
uterus and some enlargement of her right ovary. She did not return for follow-up. 

On May 5, 1953, she was referred to Lieut. D. M. Blatchley, the obstetrician of this hos- 
pital, because of a suspected pregnancy. This was disproved by a Hogben test for gonadotropin 
and examination, which revealed a large pelvic mass. At that time I confirmed this finding, 
feeling that the mass was an ovarian cyst the size of a large grapefruit. Her only symptoms 
were a sense of pressure in the pelvis and some enlargement of the abdomen. There were no 
significant menstrual irregularities. The remainder of the history and physical examination were 
negative. Routine urinalysis, white blood cell count, differential count, hemoglobin, and serology 
were normal. 

On May 15, 1953, with Lieutenant Blatchley assisting, I operated through a lower midline 
incision, finding and removing, with the right tube, a 34-oz. (1,005.5 cc.) bluish-green, trans- 
lucent right ovarian cyst. The appendix was removed incidentally. No other significant abnor- 


malities were found, and postoperatively the patient made a complete and uneventful recovery. 
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The specimen was examined by Lieut. R. D. Moore at the Second Army Area Medical 
Laboratory, Fort George G. Meade, Md. (accession no. 2AAML S-2478-53), who reported as 
follows: 

“The specimen consists of a previously opened cyst which measures approximately 6 cm. 
in diameter. The external surface is pale pinkish-gray, finely wrinkled and covered by fibrous 
tags in part. Along one margin there is a uterine tube which measures 5 cm. in length and 0.4 
cm. in average diameter. The fimbriae of the tube are discrete, and on section the lumen can be 
identified. The lining of the cyst is pale, bluish-gray, smooth, and glistening. There are several 


Fig. 1—Section of thyroid tissue from ovarian cyst. Armed Forces Institute of Pathology; 
no. 546275. « 98. 


Fig. 2.—Section of thyroid tissue from ovarian cyst. Armed Forces Institute of Pathology ; 
no. 590742. « 38 


septa present which do not completely separate adjoining chambers within the cyst, and pro 
truding into the cystic cavities there is an irregular mass of tissue which measures 4 X 3 X 1 
cm. On section, the surfaces of this tissue mass are pale yellowish-brown with numerous thin- 
walled, cystic, spaces containing gelatinous-like material 


“Microscopic.—Sections of the cyst wall show a loose fibrous connective tissue capsule 


in which there are numerous macrophages. On the inner surface of this capsule is a large mass 


of tissue in which there are a few scattered foci of ovarian stroma. Most of the mass is made 
up of thyroid tissue in which there are variable-sized acini filled with eosinophilic colloid. The 
lining cells are low cuboidal to flattened epithelium. 
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“Diagnosis.—Struma ovarii.” 

The specimen was then forwarded to the Armed Forces Institute of Pathology, Washington, 
D. C. (accession no. 590742), where it was examined by Dr. H. G. Grady, who confirmed the 
diagnosis of struma ovarii. Recuts of the specimen were made, and no other elements of a 
teratoma were found. 


The patient has remained well to date and was last seen in July, 1954 


SUMMARY 


Struma ovarii is an unusual variant of ovarian teratoma. It is rare when the 
thyroid tissue is the only tissue present. 


From the literature, it appears that thyroid tissue in the ovary can function or 
hyperfunction, just as in the thyroid gland. 

A case is presented in which thyroid tissue was the only tissue element of 
ovarian teratoma found. 
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OPERATING ROOM MODEL 


Hanger and 
locking bar 


Calibrated 
Dial 


Pressure Control 
Leakproof connector to cuff Knob 


Two containers of Freon 
(one always in reserve) 


Any 
desired length 
of tubing 


Inflatable cuff 
easily applied 
and removed 


U. S. patent applied for by ROBBINS INSTRUMENT CORPORATION 


ANY CHANGE OF PRESSURE FROM ZERO TO 1000 MM. 
MERCURY AT ANY TIME DURING OPERATION 


Mechanical Precision Replaces Manual Dexterity 

An automatic “foolproof” tourniquet, which assures 
complete control of blood flow, is an important factor 
during operations on arms and legs. The superior effec- 
tiveness of the new method has been attested by surgeons 
and anesthetists. 


Convenient, Durable, Cleansable Cuffs in Various Sizes 

Chrome plated clip permits ease of application and 
release. Tough, long-lasting white web strap. Cuff con- 
sists of removable outer envelope of sanforized cotton, 
polyethylene insert to keep bladder from ballooning and 
a neoprene bladder. Cuffs available in 9°’, 18’ and 24” 
lengths. 


Pressure Control — Instant, Constant, Regulated 

Can be pre-set to desired reading before applying pres- 
sure to limb. Pressure can then be changed up or down 
by turning control knob. Pressure can be released by 
On-OFF button and then reapplied. Repeated applica- 
tions of desired pressures from same Freon container. In 
emergencies, the Freon container may be replaced with 


no loss of tourniquet pressure on limb. Constant, uniform 
pressure is maintained at any setting. 


Two Freon Containers 

Freon No. 12 (Dichlorodifluoromethane) is non-toxic 
and non-inflammable. Containers are self-sealing and 
may be removed at any time without loss of tourniquet 
pressure. Each container has safety plug at bottom and 
safety cap over nozzle. Each container will give 60 in- 
flations for %”’ cuff, 30 inflations for 18’ cuff or 20 in- 
flations for 24’ cuff. Robbins’ dealers will supply the 
Freon containers in convenient packaged units. 


Specifications 

The instrument is 5’ x 6” x 244”, finished in black and 
chrome. Compact and convenient at operating table or 
bedside with an arrangement for hanging. Available with 
any length of tubing. Convenient, leakproof chrome slip 
connector for changing cuffs or tubing. Chrome finish 
control knob with non-skid surface and directional in- 
structions. Mechanism built for years of constant service. 


Price — $100 with 18” cuff, 60” tubing. 


Made by ROBBINS INSTRUMENT CORPORATION «© Attleboro, Mass, 





save faces, save futures 
with D &G needles and sutures 


When your skill in surgery gives a patient a “new face” or restores his bat- 
tered features, you are providing him with a passport to a brighter future. 
Often your proficient technic can minimize disfigurement from accidents, 
correct deformities in children and add to the earning years of older 
persons. “This year one million persons in this country will be injured 
in auto accidents alone. . . .”’* 


For minimal scarring, choose from a wide and varied line of D & G 
Arraumatic® needles and sutures for plastic, skin, cleft palate and 
harelip work. D & G needles are extra-sharp, temper-tested, perfectly 
formed. They are available swaged on to ANacap® braided silk, the silk 
with extra tensile strength; DermMaton® monofilament nylon, uni- 
formly round and easy to withdraw; SurcicaL Gut, possessing greater 
flexibility and superior knot strength and SurcaLoy® stainless steel, the 
metallic sutures of exceptional strength, flexibility and inertness. 


*Straith, C. L., and Straith, R, E.: Detroit, Michigan, Postgrad. Med. 14:165, Sept., 1953. 


i aie. “ aii, 
Borders approximated accurately with figure 8 nylon sutures tied inside nose or 
mouth to relieve tension. Surface closed with fine braided white silk or nylon and 
40 or 50 subcuticular suture. Note minimal scarring with good primary closure. 


Whenever you use D & G products, you are participating in the educational pro- 
gram of the Surgical Film Library. Write for catalogue. 


DAVI Ss & G E Cc K inc. Danbury, Conn. 


@ uni. of American Cyanamid Company 


sutures and other surgical specialties 





ATRAUMATIC* NEEDLES — extra-sharp, temper-tested, perfectly formed 








D&G plastic 
and skin sutures 














D&G cleft palate and harelip sutures 





ALCOHOLICS ANONYMOUS 
Written from the standpoint of a member, the basic 
All of the tteatment procedures are described and the psychological 


following gsticles have problems confronting the alcoholic are discussed. 


appeared in TODAY'S HEALTH 


and are now available 


4 pages, 10 cents 


; ALCOHOL AND CIRRHOSIS OF THE LIVER 
in pamphlet form. : ; 
Relationship between alcohol, diet and cirrhosis. Increasing 


stress on nutritional differences. 
by Russell S. Boles 
4 pages, 10 cents 


HOW TO HELP A PROBLEM DRINKER 
Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 
by Edward A. Strecker and Francis T, Chambers, Jr. 
4 pages, 10 cents 
ALCOHOLISI I THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 


an by Lewis Inman Sharp 
4 pages, 10 cents 
CONDITIONED REFLEX TREATMENT 
important OF CHRONIC ALCOHOLISM 
Its place among methods of treatment today, 
its development and correlation with personality factors. 


problem by Walter L. Voegtlin 


4 pages, 10 cents 


TREATMENT OF ALCOHOLISM 


in today’s living INSTITUTIONAL FACILITIES FOR THE 


Comparative differences, in drinking, with 

the last century, new establishments and methods of treatment, 
lack of trained personnel. 

by E. H. L. Corwin 

4 pages, 10 cents 


THE ABOVE SIX PAMPHLETS ARE ALSO AVAILABLE IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW TO MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 
& pages, 10 cents 


ADDRESS REQUESTS TO: 


BUREAU OF HEALTH EDUCATION 
AMERICAN MEDICAL ASSOCIATION 

535 NORTH DEARBORN STREET 

CHICAGO 10, ILLINOIS 





DEKNATEL 
DRY STERILE 


READI-CUT SILK <= 


2/0 BLUE 


wi COl-rtip ee—= 


to  eeentify the size 
OY 3c 
Silk. USP 


With COL-R-TIP, the size identification remains after 

the label reel is discarded. The plastic tip holds the 
strands in perfect alignment and eliminates chance of 
tangling and kinking. Readi-cut dry sterile comes in stand 
ard lengths of 18 inches, 24 inches and 30 inches. One dozen 
strands per tube—3 dozen tubes in jar or can—sterile— packed 


J. A. Deknatel & Son Inc.—manufacturers of surgical 
sutures and operating room specialties—96-20 222nd Street, 
Queens Village 29, (L. I.) New York. 


When you think of Sutures, think of DEKNATEL 





Visit us at Booth 313, A. C. S. Convention 


Good-tite Peep-Hole Mirror 


with a 


For Efficiency and Convenience | 
Hundreds of physicians with presbyopia who have needed special glasses when — 
using the Good-Llite peep-hole mirror can now have a peep-hole mirror with a 
built-in presbyopic lens to meet their individual requirements. 

This remarkable convenient mirror streamlines the doctor's operation . . . mokes 
the use of special glasses unnecessary. 
Available in your choice of the following lens ranges: +-1.50, +-2.00, +-2.50, 


-+3.00. 

GOOD-LITE UNIVERSAL HEADLIGHT ‘ 
Complete Good-lite including transformer, choice of headband, plain mirror and 
the new presbyopic peep-hole mirror with choice of lenses................... cvveweee 9.50 
The new presbyopic peep-hole pgs 99 as eM +2.00, 7 
or -+-3.00 to be used on Good-Lite Seniors, each 
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Available at your surgical supply house or write: 
7638 MADISON STREET 


GOOD-LITE co. FOREST PARK, ILLINOIS 








For well-tolerated 
therapy of such common 
infections as: 


Pneumococcal infections, 
including pneumonia, with 

or without bacteremia; 
streptococcal infections, 
with or without bacteremia, 
including follicular 

tonsillitis, septic sore 
throat, scarlet fever, 
pharyngitis, cellulitis, 

urinary tract infections 

due to susceptible organisms, 
and meningitis; many 
staphylococcal infections, 
with or without bacteremia, 
including furunculosis, 
septicemia, abscesses, impetigo, 
acute otitis media, 
ophthalmic infections, 
susceptible urinary tract 
infections, bronchopulmonary 
infections, acute bronchitis, 
pharyngitis, laryngotracheitis, 
tracheobronchitis, sinusitis, 
tonsillitis, otitis media, 

and osteomyelitis; 

certain mixed bacterial 
infections; soft tissue 
infections due to 

susceptible organisms. 


Brand of tetracycline 


is now available on prescription from 
(Pfizer) Laboratories, bivision, chas. Ptizer & Co., inc., 
world’s largest producer of antibiotics, 
discoverers of oxytetracycline and 

the first to describe the structure of 
tetracycline, a nucleus of modern 


broad-spectrum antibiotic therapy. 


Tetracyn is supplied in such 
convenient dosage forms as Capsules, 
Tablets and Oral Suspension 


(chocolate flavored). 


PTRADE MARK 


: > a . 
\ | fi =Cl PFIZER LABORATORIES, Brooklyn 6, N. Y. 


Division, Chas. Pfizer & Co., Inc 











BARKER “Vacutome” 


4, 


Skin Grafting Simplified 
No Electricity 
No Glue 
Prices: Vacutome and case $180-°° f.o.b. 
Package of 20 disposable 
Blades $6:°° 


order from your dealer or manufacturer 


BARKER VACUTOME 
Rm. 1247, 727 W. 7th St. 


Los Angeles 17, Cal. 
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ZEPHIRAN® chloride 
can do an excellent job in 
virtually every part of the 
hospital or physician’s office. 


The same germicidal and detergent 
qualities which have made ZEPHIRAN 
a standard preoperative skin 
preparation in most hospitals 
make it well suited for... 


e preparation of the skin for injection 
e sterile storage of sterilized surgical instruments 
e room and laboratory disinfection 


it's dependable a : ntisepsis 


with economical V4 ephiran 


Wigisies, ~WINTHROP-STEARNS INC., 1450 Broadway, New York 18, N. Y. 
2 


Zephiran, trademark reg. U. S. Pat. Off., brand of benzalkonium chloride (refined) 





